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ABSTRACT 

As the eleventh lesson of the Articulated Hultinedia 
Physics Course, instructional naterials are presented in this study 
guide vith relation to inpulse and aooientua. The topics are concerned 
vith **guantity of notion," unit conversion, and related conservation 
lavs. The content is arranged in scrambled forn, and the use of 
■atrix transparencies is required for students to control their 
learning activities, students are asked to uoe nagnetic tape 
playback, instructional tapes, and single concept films at the 
appropriate place in conjunction vith the vorksheet. Included are a 
homevork problem set and illustrations for explanation purposes. 
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IMPORTANT: Your attention is again called to the fact that 
this is not an ordinary book. It's pages are scrambled in 
such a way that it cannot be read or studied by turning the 
pages in the ordinary sequence. To serve properly as the 
guiding element in the Articulated Multimedia Physics Course, 
thlB Study Guide must be used in conjunction with a Program 
Control equipped with the appropriate matrix transparency 
for this Lesson. In addition,' every Lesson requires the a- 
vailability of a magnetic tape playback and the appropriate 
cartridge of instructional tape to be used, as signaled by 
the Study Guide, in conjunction with the Worksheets that ap- 
pear in the blue appendix section at .the end of the book. ' 
Many of the lesson Study Guides also call for viewing a single 
concept film at an indicated place in the work. These films 
are individually viewed by the student "using a special pro-. 
jector and screen; arrangements are made and instructions 
are given for synchronizing the tape playback and' the film 
in each case* 
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If you live in the country, you may have used a ,22 caliber rifle fox: 
target practice or for shooting small game; if you're city bred, you have 
probably tried your marksmanship ir a shooting gallery at an amusement 
park. Do you know that the same cartridge used in a ,22 caliber rifle may 
also be used in a short-barreled pistol having a chamber designed fox it? 
But a hunter never uses a pistol even though it is easier to carry snd 
certainly more convenient in other ways. Why? 

The first thing you'll say is that the rifle is more accurate. This is 
quite true, of course » But excellent accuracy with a pistol can be developed 
too. Is there another answer? 

Sure, there is; you probably would answer at once that the rif le has 
a greater range . Again, you would be quite right* In this case, however, 
we wonder if you have ever given any thought to the reasons underlying the 
longer carrying-distance of a bullet fired from a rifle as compared with the 
same bullet impelled by the same powder charge when fired from a pistole 

Think this out along with us« The acceleration of the bullet or "?Iiig'* 
is determined by the force applied to it and the mass of the bullet according 
to Newton's Second Law of Motion: 



m 



Please go on to page 2. 
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The magnitude of the force applied to the bullet is governed by the 
kind and quantity of the explosive propellant usedo If the same cartridge 
is used in rifle and pistol, then the same force is applied to the slug in 
each caseo By the same reasoning, the mass of the slug is also a constant 
factor c So, if both F and m are identical, the acceleration imparted to the 
bullet by the pistBtel must be identical to the acceleration imparted to it by 
the rifle<. Why, then, does the rifle have a much greater firing range? 

. As you think a while, you will probably conclude that it is not the 
accele ra tion of the bullet which determines the range but rather its speed 
as it leaves the gun. This is a valid conclusion; a slug with a high muzzle 
velocit y will go farther than one with a low muzzle velocity, all other factors 
being equalo Returning to the rifle and pistol contrast, you must then be 
prepared to answer this question: If the force, mass, and acceleration of 
the slug are the same for bb^th weapons, why does the rifle bullet have £ 
greater m uzzle velocity than the pistol bullet? 

The answer is almost self-e-v'ident at this points The longer barrel 
of the rifle allows the force of the exploding charge to act upon the bullet 
for a longer period of timC o So an apparently new consideration enters here: 
The speed of an object being accelerated by a force is dependent upon both 
the magnitude of the force and time during which the force acts a As you 
will ^see shortly, we can combine force and time to form an important quantity 
called Impulse o 



Please go on to page 3. 



Let us lock at another aspect or a similar sli:uacion. When yoii ^..^tch 
a rhrown ball, you cause a very sudden decrease in its speed. An outiieidei 
in. a baseball game weaxs a fielder^s mitt to avoid huiting his hands as he 
suddenly brings the ball tc rest. But if a tennis bail had come the same 
distance at the same speed, the mict would not be necessary. The tennis 
ball, of course, has a smaller ''quantity of motion" than a baseball because 
it has a smaller mass , On r.he other hand, you wouldn't want, to catch a 
tennis ball with your bare hands if it were delivered to you by a big league 
pltchex' from the pitcher *s box to -catcher's position in the lotm ci a real 
fast ballo It^s che same tennis bail, so its mass is not dific:ent; but it. 
does have a much greater "quantity of motion" than before because it is 
traveling at a vastly greater velocity .> 

The quantity of moti on possessed by a moving object, then, depends 
upon tXv^'o factors: the mass of the body and the velocity with -wh^xh 1" moves.. 
Just as we are able to combine force and tzme to fon-n a single quantity 
called impulse , ve can combine mass and veloc ity tc foim anolhei impoiivan:. 
quantity called mcmentum o 

These quantities — their definitions and interrelationships — io':Tf: the 
ccxe of this lesson.-. As these basic understandings gradually take shape vr, 
your mind, you.r appreciation and comprehension of motion will be greatly 
enhanced o Impulse and momentum considerations have extremely Impottanr 
roles in ail phases of physics from the macrouniverse of galaxi.es, stars ^ 
and planets right down to the microuniverse of electrons, protons, and 
neutrons . . 



EefC're conr:inuii;g , please turn to page 156 in the blue appendi^v 
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Walk over to the door of the room in which you are now working, 
open it half way, and exerting a small force on the edge of the door in the 
rigtit direction, push the door gently with the tip of your forefinger until 
it swings with sufficient velocity to just barely latch closed without 
slamming. 

Open the door again to its former position. This time, ball your 
fist and punch the door at the same spot as before (not too hard, nowl) 
so that it again latches closed without slamming. 

Here are two different approaches to the same problem, the results 
being identical in each case^ You want to close the door without slamming 
it; you nay do it with a long, gentle push using the tip of a finger, or you 
may do it by means of a sharp punch at the same point. (The latter may 
take some practice, but it can be done.) 

How do these approaches differ? Comparing the "punch'^ action to the 
gentle pushing action, you might say that the punching action involves which 
of the following? 

(1) 

A A smaller force for a longer time. 
B A larger force for a shorter time* 



C A larger force for a longer time. 
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YOUR ANSWER 



You are corrects Momentum = p ^ mv = kg x = — 



sec sec" 



NOTEBOOK ENTRY ' 

, ,. ■■■ ■ ■ i 

Lesson 11 \ 

(Item 1) • I 

(c) The unit for impulse in the MKS system is the nt-sec . I 
2. Momentum 

(a) Momentum is defined as the product of the mass of a body in motion ; 
and the velocity of the body*. If the body moves with uniform velocity^ ::hen : 
its momentum is constant; if the velocity changes, then its momentum changes 

(b) Momentum is a vector quantity since it is the product of a vecroi 
(velocity) and a scalar (mass). The defining equation is: : 

p mv 

wnere p ^ momentum, i; 

(c) The unit for momentum in the MKS system is the --- ' ^ ■ 

^ sec \ 



Our principal concern in this lesson thus far has been the definition 
of our terms and the physical nature of the quantities we call Impulse and 
momentum o We have seen that the impulse of a force depends not only on 
the magnitude of the force but also upon the time in which it acts; we have 
also seen that the momentum imparted to a body is measured not only by 
the velocity the body acquires but also by the mass of the body. We new 
propose to show the connection between impulse and momentum. Their association 
is a close one indeed* . ■ 



This association is easily shown by referring to our statement oi 
Nex^tonls Second Law, Write the equation for the Second Law on a fresh piece 
of scrap paper and then turn to page 6. 
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CORRECT ANSWER: You may have written either F » ma at this time. 



As you look at the relation: 




you wij^l observe it has something in common with both impulse and momentum. 
Force ? is an important part of impulse (FAt) , while mass m has much to do 
with the momentum (mv) of a moving body. 

In order to proceed further, we will want to express acceleration in 
terms of velocity and time« 

Which of the statements below is the general definition of acceieraticn 
in terms of velocity and time? 



(11) 



A 



a 



AV 

At 



B 



1 



V 

t 



C 



a 



Ad 
<kt 



D 



a 



change of speed 
time required 
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YO.UR ANSWER ' C 



You are correct e If doubling either m or v causes the quantity ct 
motion to double, then quantity of motion must be proportional to both these 
quantities o 



To help you develop your understanding and to crystallize yout ccncepv 
of quantity of motion, let us consider an example- A heavy-duty lor^omct Ivc 
having a very large mass is allowed to roll very slowly down a gentle "licllae 

As shown in Figure 1, the locomotive carries a pointed sr'.:ei p::cbe iit 
the front* After rolling a few feet, the probe meets a lar&f^ wood step . 
Naturally, the probe will penetrate the wood stop to a de'xnxte depth beiore ■ 
the retarding action can bring the locomotive zo a ha? . 




Figure 1 

Let us caU quantity of motion by its accepted name: y,omeutu mo Let 
us also agree that the depth to which this particular probe penetrates this 
particular wood stop can serve as a measure of the momentum of the loco- 
motiveo Obviously, if the momentum of the locomotive is increased somehow ^ 
the depth of penetration will be which of the following? 

(7) 

A Increased o 

B Decreased. 

C Remain the samee 
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YOUR ANSWER A 



We've asked you to adhere to our convention relating to the sign of 
velocity. If the velocity is to the right, it is (+) . What is the direction 
of Vj--to the right or the left? 



Please return to page 56. Select the right answer. 



ERIC 
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YOUR ANSWER A 



Check back on your notes. The symbolic definition of momentum 
involves mass and velocity, not force and time. 



Please return to page 122; then choose the answer that fits our 
definitions. 



ERLC 
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YOUR ANSWER A 



You will have to be careful with units of time. Very frequently the 
time is given in minutes or fractions of minutes » Ordinarily, you have a 
choice of two courses: (i) If you multiply newtons by minutes, the final 
unit of impulse will then be nt-min which is perfectly good in itself; (2) 
You may want to change the minutes to seconds and thereby obtain the impulse 
in nevtoh-seconds. 

In this case, following the first alternative: 

impulse » » SO at X Oc005 min 
* Oo40 nt-rain 

However, this answer does not appear in the list given. 



Please change the minutes to seconds, work out the impulse in nex^rton- 
seconds, and then return to page 116 so that you may choose the right answer 
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YOUR ANSWER C 



Very possibly it does. However, the type of firing mechanism — 
whether the rifle is bolt-action, pump-action, or lever-action — has nothi 
whatever to do with the relationship of momenta. 

Regardless of the mechanism, no force is released until the firing 
pin hits the cartridge, and then the same amount of force is released no 
matter what mechanism is used to fire the bullet. 



Please return to page 100 and choose a better answer. 



YOUR ANSWER C 



No. 



You didn't watch your decimal point. You do have the right uniis 
for momentum, however. 



Please return to page iA7 and choose the right answer 



ERIC 
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YOUR ANSWER C 



Correct. The velocity of m2 is V2 which is given as zeto just before 
impact in Figure 5 on page 50. Hence, m2 is at rest with respect to the 
table on which it rests. 

As you watch the collision take place, you see that is suddenly 
brought to rest, while m2 takes off in the same direction as the initial 
motion of We indicate this by labeling mi in the right diagram (After 

Impact) with the symbol V3 = 0 to show what has happened. In addition, m2 
is now rolling to the right with a velocity of v^. 

Now refer to notebook entry 4(b)<» In this statement of che conservation 
principle g we say that in an isolated system of interacting masses, the 
total momentum remains unchanged, i*e., the momentum is conserved = . Befoie 
impact, the momentum of the system is derived entirely from mj^, having the 
magnitude mj^v^. The momentum of m2 before impact was zero since it was at 
rest; hence m2V2 0, After impact, the momentum of mj is tnj^v^ - 0 since 
this ball has come to rest, while the momentum of the system nov; is derived 
wholly from m2, its value being m2V^. Which of the following would you 
select as the best statement of notebook entry 4(b) as applied to this 
situation? 



(31) 












A 




+ 


ni2V2 




+ ni2V^ 


B 




+ 


ni2V2 


= m2V3 




C 












D 






m2V4 
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YOUR ANSWER C 



Well, we can try this and see: 



F ^ Result 

6 * 0.1 60 

3 4- 0.2 15.5 

1 * 0.6 1.66 

0.5 + 1.2 0.41 

Not so good. The results are all different. Yet each force acting 
for the time shown in the same row produced exactly the same effect as the 
other pairs of force and time. That is, the impulse of each force was the 
same. It seems evident, then, that we cannot find the impulse of a force by 
dividing the force by the time. If we try this operation in reverse, that is 
time interval divided by force,. we will find that this doesn't work any better. 



Please return to page 33 <. You can find the right answer. 
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YOUR ANSWER C 



It is quite possible that you did not notice the constancy of momentum 
in the last example involving the carts* The carts had different masses 
and, when they interacted as the spring expanded, they separated at differ- 
ent velocities. Yet the change ot momentum of cart raj^ (Ap * 0*2 kg-m/sec) was 
numerically the same as the change of momentum of m2 in the opposite di- 
rection. This suggests that when bodies interact in this manner, they will 
always separate with equal changes of momentum in opposite directions.. 
But a single experiment never proves anything; and to establish a physical 
principle, we must have many, many experimental proofs of its validity. 

So, in the boy-pushes-man experiment, you might detect this same 
constancy of momentum if you compute the for the boy and for the man and 
then compare them. Suppose you do just that. 



Then return to page 151, please. The right answer should now be 
easy to choose. 
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YOUR ANSWER D 



We have repeatedly emphasized the vector nature of acceleration « 
From your study of .Newton's laws and the concepts In circular motion, you 
are fully aware of the fact that acceleration cannot be described completely 
unless both magnitude and direction are included in the description « 

In defining a vector quantity, the elements which make up the definition 
must reflect the vector nature of the defined term. You have seen that a 
vector multiplied or divided by a scalar always yields a vector result o But 
you have never witnessed a case where a scalar divided by a scalar will 
yield a vector « 

This choice of answer is incorrect because it does just thiso Speed 
is a scalar quantity and so is time* Dividing one by the other cannot possibly 
give you a vector quantity like acceleration. 



Please return to page 6* Choose an answer which truly defines 
acceleration in the most general way. 
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YOUR ANSWER A 



This answer contains two errors in assignment of units. You probably 
were careless. 



Please return to page 31. Be more careful this time. 



ERIC 
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YOUR ANSWER — A 



You are correct . The momentum can be increased by increasing the 
mass of the iocomocive, its velocity, or both. Any means used to do this 
will give the engine a greater quantity of motion and hence will increase its 
ability to drive the probe more deeply into the wood. 



Refer to Figure 1 on page 7, Notice how we have indicated the mass and 
velocity of the locomotive: 

M - mass v = velocity 

Obviously, the momentum has been derived chiefly trom the very large mass 
lather than from the very small velocity 

Next let^s imagine that the probe is removed from the front of the 
engine and that the probe is fired into the same wood stop by means of a 
specially designed spring gun. The spring will be compressed just enough to 
cause the probe to penetrate into the stop £0 the same depth as it did when 
mounted on the engine . 



V 

— ^ 




Figure 2 

If the depth is the same, then the of the probe in this 

situation must be exactly the same as it was when it was mounted on the loco- 
motive, That's the missing word? 



Write the word; then turn to page 141 to check your answer. 
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YOUR ANSWER D 



When the cars couple together, in effect they form a single moving 
body. For consistency, we have assigned as the velocity of the empr/y 
freight car after impact and v^ as the velocity of the loaded freight ca: 
after impact. But if the two cars form a single body, can v-^ be less ihan 
V,? It did not bounce away from the loaded car. 



Please return to page 88 and select the right answer 
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YOUR ANSWER C 



The object was decelerated to rest and then accelerated in the opposite 
direcrion. Thus, its change of velocity must be assigned a negative sign 
This means that its change of momentum was negative as well, since m is a 
scalar and is always taken as positive. 

What does this tell you about the impulse that produced this change 
of momentum? 



Please return to page 39 and select a better answer. 
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YOUR ANSWER D 

You appear to be on the right track, Your error lies in having used 
the wrong unit for mass. 

) ■ 

Please return to page 153; then locate your error and correct your 

choice. 



1 
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YOUR ANSWER A 



You can't be sure. 



The hole is to the left of the golfer. Suppose he swings at the ball 
in such a way as to drive it to the right or straight ahead. Would the ball 
go into the hole then? Of course not. 



Please return to page 134. Be careful in your answer choice. 
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YOUR ANSWER A 



You are correct. Careful experiments verify this prediction. The 
two masses retreat from each other at the same speed in opposite directions « 
(Their velocities are not the same because of this difference in direccion, 
of course.) 



Continuing with the experiment in Figure 3 on page 154, we increase 
mass m2 to twice its former value, while mj is unchanged. So we have a 
relatively large mass on the right and a smaller one on the left. We 
compress the spring, then burn the cord, and observe the relative speeds of 
the two carts as the spring suddenly expands. 

Making use of your past learnings in physics , what do you think would 
be true of the speeds of the two carts now? 

(25) 

A The speed of m2 would be greater than that of m^. 

B The speed of mj^ would be greater than that of m2« 

C The speeds of mi and m2 would be the same. 
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YOUR ANSWER C 



This answer is not right. 



It is probable that you went astray in adding mj + in the denominator 
of the right side of the equation. You may have forgotten that when you 
add two numbers having different powers-of-ten, you must change one or the 
other of the numbers so that the exponents of 10 are the same. 

In our case, you are trying to add: 

6,0 X 10^ + 1.2 X 10^ 

If you wish, you can change the first term to 0.60 x 10^ and then 

add : 

0.60.x 10^ + 1.2 X 10^ 

which is perfectly all right because both powers-of-ten have the same expo- 
nent. Or, it is just as correct to change the second term to 12 x 10^ 
and then add: 

6.0 X 10^ + 12 X 10^ 

Once you get this sum right, the rest of the problem should be easy 
for you. 



Please return to page 51. Work the problem through again and then 
choose the correct answer. 
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YOUR ANSWER A 



This answer is incorrect. 



You should by now begin to realize the difference between the nature 
of impulse and momentum. Remember that momentum is a property of the 
moving body and has units which refer to the mass and velocity of the body- 
But impulse, which is what we are asking for here, is a property of the 
force which induces motion and has units of force and the time duration of 
the force. 



Please return to page 130, You should be able to work this out 
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YOUR ANSWER C 



You are correct. The (-) sign shows that there is a retarding force 
of 30 nt acting on the moving body* Retardation can occur only if the 
direction of the force is opposite that of the motion. 



Here is your last question. What is the momentum of che object 
before and after the force acts? 

Momentum is given by p = tnv . Before the force acts, the momentum 
of the object is: 



The momentum after the force acts is given by the same relation, 
but the new velocity must be used for v. Remembering that momentum is 
a vector quantity and that the new velocity is opposite in direction compared 
to the initial velocity, what would you say che momentum is after the fotce 
acts? 



p = 10 kg X iO m/sec 
=^ 100 kg-m/sec 



(23) 



A 



-120 kg-m/sec 



B 



-20 kg-m/sec 



C 



20 kg-m/sec 
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YOUR ANSWER A 



Something went wrong here I 



If the mass of the ball is 0,50 kg, then the weight can't be 0 50 nL > 

also o 

On the Earth if the mass ra of an object is known, then its weight 
is given by Newton's Second Law as: 

w = mg 



Go back zo the original question by turning to page 67, please The 
answer shculd now be evident. 
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YOUR ANSWER — - B 



Not true. 

There are two terms that drop out, not just one. 



Please return to page 54. Read the question carefully. Don't be 
impulsive e You can easily choose the right answer. 



ERIC 
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YOUR ANSWER A 



This answer indicates that you should review your notes on vectors 
and scalars in general » 



One or both of the quantities in your answer choice are mislabeled 
as vectors or scalars. 

Think about this again or look up the definitions of scalars and vectoti 



Please return to page 84, Don^t guess. Be sure you know which 
quantity is vector or scalar before making your next choice. 
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YOUR MSWER A 



You are correct. Before impact, the total momentum of the system 
was nij^Vj + m2V2» After impact, the total momentum of the system was m^v^ 
"^2^4* By setting these suns equal to each other, we explicitly say that the 
momentum was conserved in the interaction between the balls « That is, the 
momentum before impact was equal to the momentum after impact, considering 
the isolated system as a whole o 

We can go further with this particular example • Refer to Figure 5 
on page 50. Two of the four velocities with which we are dealing are zezoc 
That is, V2 = 0 and v^ = 0 because initially m2 is at rest, and after impact, 
m^ comes to rest« 

With this in mind, we can simplify the equation in the above answer - 
by dropping two. of the terms« \nien you do this, what is the result? Write 
the .resulting equation before you turn to page 93 to check your work. 
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CORRECT ANSWER: The impulse that gives an 8.00 kg mass a change of velocity 
of A.OO m/sec is 32.0 nt-sec. 



The solution: 

(1) We start with: FAt - mAv 

(2) Substituting: FAt = 8oOO kg x 4.00 m/sec 

(3) Solving: FAt = 32.0 kg-m/sec 

(4) We want to express impulse in nt-sec, however. Since a 
newton is a kg-m/^ec^, we see that if we multiply newtons 
by seconds, we come out with: 

iSSZ^ X sec = hScB. 
sed^ sec 

Thus, the 32,0 kg-m/sec is the same thing as 32.0 nt-sec . 



From this point on, we need not worry about units just as long as we 
remain consistently in the MKS system^ That is. 

Impulse is measured in newton-seconds . 

Momentum is measured in kilogram-meters per second . 

Since impulse = the change in momentum, then the newton-second 

is always the equivalent of the kilogram-meter per second. 
Finally, to remain consistent, we must measure force in ('w_) 

time in (x) , mass in (y) , and velocity in {z) 



To complete the sentence above, select the correct group of units 
from those below c 

(14) 

A (w) kilograms, (x) seconds, (y) newtons, (z) meters /sec o 

B (w) newtons, (x) seconds, (y) kilometers, (z) meters/seco 

C (w) newtons, (x) seconds, (y) kilograms, (z) meters/sec 
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YOUR ANSWER D 



Have you forgotten what you started out to find? The listing of data 
that we asked you to copy should tell you what you are required to decemine 
We must conclude that you didn't follow instructions* 



Please return to page 88 to review and copy the listing. 
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YOUR ANSWER B 

You are corrects A punch is a sharp, quick blow. It is the soutce 
of a large force acting for a relatively short time« 



Continuing with the analysis, we see that a large force acting for a 
short time can produce the same effect as a small force acting for a lon g 
timeo There is a certain equivalence in the two sets of circumstances * 
When force and time are both involved in a certain action, we shall speak 
of the impulse of the force; we shall say that one force impulse is eq'dai to 
another if both cause the same effect on a mass insofar as its final velocity 
is concernedc In our example, the same mass (the door) was acted upon in 
the two situations, and in each one the dmx achieved the same final '*:elocity 
(just latching closed) o We say that the impulse was the same in both cases c 

Taking some figures from a typical experiment, we might find some- 
thing like this: A door can be made to close gently by exerting the following 
forces for the time intervals shown below. 



Force (F) Interi^al cf Time . 

of Force Action 



Case K 6 nt O.l sec 

Case 2. 3 nt 0.2 sec 

Case 3c 1 nt 0„6 sec 

Case 4c Oo5 nt Id sec 

Since these two factors produce an identical effect in each case, tvb 

should like to perform an operation on each pair so that we obtain an 
identical answer in each case. 



Which of these will do this? 



(2) 

A Adding the F value to the corresponding At value« 

B Multiplying the F value by the corresponding At value. 



C Dividing the F value by the corresponding At value 
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YOUR ANSWER D 



Almost , but not quite . 



You seem to have remembered that impulse = change of momentum because 
you have shown the impulse to have the same numerical value as the change 
of momentum of the ball and have used the correct units for impulse. 

But in your thinking, you did not take the vector nature of these quan 
ties into accounts The momentum is decreasing as the ball rises, is it not? 
We must distinguish between increasing and decreasing vector quantities by 
using positive and negative signs « Normally, a positive sign is given to an 
increasing momentum, while a negative sign precedes the numerical value 
of a decreasing momentum. 

Thus, 4p » -1.5 kg-m/sec. Hence, what is the impulse that stopped 
the ball? 



Please return to page 130 and select the right answer « 
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YOUR ANSWER B 



You have ignored notebook entry 3(d) 2, How much would you have to 
add to 15 m/sec to get a result of 8 m/sec? 



Please check this before returning to page 144 and selecting the 
other answer. 



1 



ERIC 
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YOUR ANSWER B 



Although we said that we would not emphasize units too heavily f 
the remainder of this lesson, we do insist that you associate the right 
with the answer o Your error here is that you have assigned units of 
impulse to the momentum of the ball. 



Please return to page 147 . Be careful with your choice of units. 
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YOUR ANSWER C 



We believe that you are being bothered by the fact chat the collision 
of freight cars is an inelastic one where the bodies couple together after 
impact and move off together o You are probably wondering if the Principle 
of Conservation of Momentum applies equally well to inelastic collisions 
as it does to the elastic type exemplified by the billiard ballsc 

Read through notebook entry 4(b) again. Note that it does noc specity 
any particular type of interaction. The principal requirement is that the 
system be isolated with no unbalanced, external forces acting on it. Thus, 
the conservation principle applies just as well to the freight-cai: ccliisicn 
type of interaction as it does to the type represented by the coiiiding 
billiard balls c 



Please return to page 103 and pick the right answer. 
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YOUR ANSWER C 



Possibly you were being a little too cautious in choosing this answer c 
It would be contrary to our reason and experience to expect the speeds of 
the two masses to be different under controlled conditions such as those 
shown in Figure 3 on page 154. We would first assume that the frictional 
force acting on both carts are the same; then, if the spring exerts the same 
force on each cart (in the opposite directions) , it would be reasonable ev^en 
without going any further in our thinking to expect the speeds of the carts 
to be the same at the instant that the spring drops away. 



Please return to page 154 and choose a better answer = 




ERIC 
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YOUR ANSWER D 



You are correct o The total change, of velocity, taking into account 
the fact that the new motion is opposite in direction to the old, is the sum: 

-15 m/sec + (-6 m/sec) - -21 m/sec 



Before continuing, please turn to page 158 in the blue appendix. 



A certain bit of common sense must be applied to the solution of 
problems involving vectors like impulse and momentum « You simply cannot 
blindly substitute in formulas or manipulate numbers willy-nilly without 
reasoning about what you are doing. Formulas alone are only tools to help 
you , 



NOTEBOOK ENTRY 
Lesson 11 

' ■ (item 3) 

(e) When an impulse is large enough to stop a moving body and then 
reverse its direction, the total change of velocity is the negative sum of 
the initial velocity and the final velocity* 

Example: An object has an initial velocity of 10 m/sec to the 
northo If it is acted on by a constant force for a long enough time to cause 
its velocity to change to 8 m/sec to the south, then it^ change of velocity 
Av = -18 m/sec. 



This Idea is further expanded in the following problem: An object with 
a mass of iO kg moves at a constant velocity of 10 m/sec « A constant force 
then acts on the object for 4.0 sec, giving it a velocity of 2,0 m/sec. in 
the opposite direction « Now you are going to be asked three questions on 
this problem* Here is the first. one: liJhat is the Impulse acting on the 
object? (Copy this problem in your Notebooks) 

(21) 

A -120 nt-sec 
B -80 nt-sec 



C 120 nt-sec 
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YOUR ANSWER C 



You are correct • As a matter of fact, it might not go into either! 
It would depend on the direction in which the impulse is applied to the ball > 

Now, on the basis of the information you have been given, would you 
say that impulse is a scalar or a vector quantity? 



Write your answer; then turn to page 115 to check it. 
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YOUR ANSWER D 



Getting back to fundamentals, we might start by saying that there is 
one and only one velocity before the collision — that of the empty freight 
car v^; similarly, after impact there is only one velocity, tWcut 
the velocity of the coupled cars v^^ The mass of the empty freight car is 
comparatively small, so let's designate it as just plain little m; its veloc- 
ity is Vj^; hence its momentum is mvj. O.K.? Hold this for a moment now. 

After the collision, the mass is much greater since the empty and 
loaded cars have coupled together. Let*s call this M. The velocity of this 
combination has been designated as v^, so the momentum after the collision 
may be written as MV3. 

Now, according to the Principle of Conservation of Momentum, what 
must be true of the two momenta? 

(36) 

A They are not equal to each other. 
B They are equal to each other* 
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YOUR ANSWER --- C 



Why d? 



Consistency of sjrmbolization is extremely important in any discussion 
or study, particularly in physics. The symbol d has represented distance 
or displacement all along in our work. So the definition you chose defines 
acceleration as the rate of change of distance with respect to time. This 
defines speed, not acceleration. 



Please return to page 6 and sielect an answer that really defines 
acceleration in the most general terms c 
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This page has been. inserted to maintain continuity of text. It is 
not intended to convey lesson information. 



<■ 
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not intended to convey lesson information. 
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ERIC 
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This page has been inserted to maintain continuity of text. It is 
not intended to convey lesson information. 



ERIC 
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YOUR ANSWER B 

You are correct* By definition, impulse ?At. 

So we have: ?At » mAv 

Or, if you like: impulse = mAv 

(Note: This is an identity, not a defining equation r Impulse is 
always defined as FAt,) 

Now observe the right side of the equation. Here we have a product 
of mass and change of velocity * Think carefullyc I^at does mAv represent 

(13) 

A Momentum in a slightly different form. 

B A change of momentum. 

C A change of mass and velocity^ 

D I don't knov. 



47 



YOUR ANSWER C 



This is incorrect. One of the other answers is the right one. 



To determine the units for a derived quantity such as impulse, it is 
always a good idea to substitute the fundamental units in the equation that 
defines the derived unit. 

That is: 

impulse » Fflt 

So impulse units « nt x sec 

The unit for impulse appears to be, therefore, the product of newtons 
and seconds. Which of the answers given expresses this product? 



Please return to page 72 and choose the correct answer <> 
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YOUR ANSWER A 



You formed the product m properly, but one of the basic units you 
used does not belong in the MKS system. Remember that MKS stands for 
meter-kilogram-seconds. You should be able to spot it easily. 



Please return to page 153 • You should be able to choose the right 
answer without difficultyo 
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YOUR ANSWER D 



We think we know where your difficulty lies; very likely you are 
puzzled by the presence of the "A'* between two variables « 



If a force is applied to la given mass, the fnass must accelerate. Of 
course^ the force must be unbalanced. When a mass is accelerated, its 
velocity changes, bu^ its mass does not. However, since the momentum of 
a body is given by mv, a change of velocity must result in a change of mo- 
mentum* If we symbolized such a change of momentum as: 

Amv 

by placing the delta before the product rather than the velocity, this would 
imply that either or both m and v might change with an unbalanced force c 
Buc this is not what happens. The mass remains the same, and only the 
velocity changes o Thus, we are saying what we really mean by inserting the 
"a" between the m and the v. 



Please return to page 46 and select the right answer. 
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YOUR ANSWER A 



You are correct. The conservation equation can be solved to show 
that the recoil velocity of the rifle is inversely proportional to its mass 
as ypu clearly realized in choosing the above answer „ 



An understanding of the application of the Principle of Conservation 
momentum to elastic collisions has been instrumental in leading to several 
important discoveries in atomic and nuclear physics c The subject of colli- 
sions and momentum interchange has many complex aspects, but we shall 
confine our discussion to the simplest considerations c 

When two steel balJ.s or billiard balls collide, we have a close 
approach to the type of collision which occurs on the sub-atomic level, Y.ou 
may have seen the conditions shown in Figure 5 actually occur on a billiard 
tableo Cue ball m^, moving with a certain velocity v^, collides head -on 
(not glancing) with ball m2. The situation is shoxim in the left diagram 
of Figure 5, labeled '^Before Impact." 



BEFORE IMPACT AFTER IMPACT 




Figure 5 

According to the notations on the diagram, what can you say about 
(30) 

A Ball m2 is moving toward mj^ at the time of impact o 

B Ball m2 is moving away from at the time of impact/ 

C Ball m2 is at rest with respect to the table at the time of impact 
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YOUR ANSWER A 



You are quite correct. After the collision, the new mass is the sum 
of the two original ones, since the cars couple to form a single mass. 
Hence the velocity after impa-.,t: must be smaller if the momenta are tc be 
the same* 



Thus, m the equation: 

mj^ -h m2 

must be smaller than v^., If it comes out equal to Vj, a larger than \ ^ 
you will know immediately that you have erred somewhere o 

Referring to the dc ta you copied, you may now substitute the known 
values in the equation and determine the magnitude of the velocity after 
impact, v^» Look over the answers given below; which one do you select as 
the correct one? 

(37) 

A 1 . 0 m/ sec 

B I n 5 m/ sec 

C 2.5 m/sec 

D None of these answers is correct. 
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YOUR ANSWER A 



No, you've missed the point o 



If the moving object had merely been brought to rest by the retarding 
impulse, its change of velocity would have been numerically equal to 15 m/sec. 
Here, it has not only been brought to rest but also accelerated to a new 
velocity of 6 m/sec in the opposite direction ^ This means that, numerically, 
its velocity must have changed by an amount greater than 15 m/seco You must 
remember that velocity is a vector quantity and must not be thought of as 
merely a certain number of meters per second. 

If the initial velocity is taken as 15 m/sec, the impulse required 
to stop it would be -15 m/sec c If the body is then given an impulse which 
gives it a new velocity opposite to the original direction, what will be the 
total change in velocity? 



Please return to page 77^ Choose an ansx^^er that takes into account 
the directions of the initial and final velocities □ 
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YOUR ANSWER C 



This doesn't follow from our reasoning. 



Momentum means quantity of motion . We have agreed that the quantity 
of motion possessed by a given body in motion is dependent upon its mass ■ 
and its velocity . Thus, to cause an increase in momentum, you must increase 
either the mass or the velocity or both* 

If, then, we have somehow increased the momentum of the locomotive, 
we must have increased either its mass, its velocity, or both. If the mass 
has been increased, then the engine will have more inertia* It will be more 
difficult for the wood stop to bring it to rest. Therefore, it seems reasonabl 
that the probe will have to penetrate more deeply into the wood stop before 
enough retarding force can be brought to bear on the locomotive to stop its 
motion. 

On the other hand, If the momentum has been increased by raising the 
rolling speed, then a given force will need more time to decelerate the 
locomotive to rest. Again, this implies that the probe will have to penetrate 
more deeply in order to do the job of stopping the engine • 



Please return to page 7 and read the question again. You should be 
able to select the right answer now. 



54 



CORRECT ANSWER: In its most general terms, the equation should look some- 
thing like this: 

in which: 

= mass of bullet 
Vj = velocity of bullet before impact 
m2 = mass of block 
V2 * velocity of block before impact 
V3 = velocity of bullet after impact 
v^ = velocity of block after impact 

Well r let's see* Since the bullet becomes embedded in the block and 
brings it to rest, then both and must be zeroo In the equation above 
then, which terms become zero and drop out« 

(38) 

A ^i^i and mjV3. 
B mjV3 only. 

C ^^^2^4 ^1^3' 
D ^Hj^v^ and m2V2< 
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YOUR ANSWER — C 



This statement is quite true, but it doesn't answer the questionc At 
the instant the powder explodes, the rifle begins ' to move toward the south. 
When the bullet leaves the muzzle, the rifle is moving at a speed of 1.4 m/sec. 
The marksman's shoulder may prevent it from going very far, thus retarding 
the recoil action, but this does not explain why the rifle would have had 
a speed of only I A m/sec even if the shoulder were not there. 



Please return to page 127 and choose a better answer. 
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YOUR ANSWER B 



Good. You're going along with the accepted convention that a velocity 
to the right is (+) and a velocity to the left is (-). 



All right, let's substitute the knovm values from Figure 7 on page 113 
in the equation: 

and solve for v^o Select one of the answers below to verify your results ^ 
(40) 

A -1,000 m/sec^ 

# 

B 100 m/sec 

C 1,000 m/sec 

D None of these answers. 



ERLC 



57 

YOUR ANSWER C 

This is not the right equation. 

The symbol for Tnomentum is p. If you solve the equation v = mp for 
p, you get: 

V 

*^ m 

But we decided that momentum is a product, not a quotient; hence this 
equation is incorrect* 

Please return to page 141 and select the right answer. 
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YOUR ANSWER B 



If doubling either m or v alone causes the quantity of motion to double, 
then the quantity of motion must be directly proportional to both these 
quantities: 

quantity of motion =» kmv 

Although this proportionality statement was arrived at in a more or 
less intuitive fashion, it can be handled just like any other proportiono 
(Of course^ it must be subjected to mathematical and experimental tests 
before it is accepted fullyO If you substitute 2m for m and 2v for v, 
indicating that both quantities have been, doubled, what then happens to the 
quantity of motion? 



Please return to page 83 and pick the answer that meets the terms 
of the problem. 
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YOUR ANSWER A 



The decimal point in this answer Is misplaced • 



You should train yourself to Inspect the numerical form of the equa- 
tion after substitution in every problem you do so as to establish the 
anticipated order of magnitude of the answer. In this case: 

. 0>50 X (-3,0) 
" -0.50 X 9.8 

Merely inspecting this visually should tell you that the 0.50 factor 
in the numerator will be canceled by the 0.50 factor in the denominator » 
leaving you with: 

-3.0 

^'-^^^'^ 

Since this is approximately 1/3 sec, you know at once that an answer 
of 3.1 sec is not possible. 



Please return to page 125 and select another answer. 
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YOUR ANSWER A 



You are correct. The straightforward solution goes like this: 



V 



3 



V. - (6.0 X 10^) X 3 .0 

J (6.0 X 10^) + (1.2 X 10^) 

In order to add the terms in the denominator, we must equalize the ex- 
ponents of the powers-of-ten. Let's change 1.2 x 10^ to 12.0 x 10^, Then: 

(6.0 X 10^) X 3.0 _ 
.^3 ' (6.0 X 10^) + (12.0 X 10^) 

If you were very alert, you might "have been able to predict this 
answer without going through the straightforward solution* Since the loaded 
freight car has twice the mass of the empty one, when they are coupled, the 
total mass is exactly 3 times as large as the mass of the empty freight car., 
Thus, the velocity after impact would have to be 1/3 of the original velocity 
Since the original velocity » 3.0 m/sec, then v^ would have to be KO 
m/sec. 



Now, here's a similar problem for you to work out alone. 

A boy having a mass of 60 kg steps vertically into a 75 kg canoe that 
is moving at a speed of 1.0 m/sec. What is the speed of the canpe after he 
steps aboard? (Copy all the data before starting your solution.) Write 
your answer, please, before you turn to page 113 to check your work. 
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YOUR ANSWER C 



You are correct. This expression states two important details dis- 
tinctly: (1) The change of momentum of one interacting body is the same 
as the change of momentum of the other interact ir^body; and (2) the direc- 
tion of the momentum change for one body is opposite that of the other. 

This leads directly to one of the most important principles in ail of 
physics. It is called the Principle of Conservation of Momentumo Let's 
state it as a notebook entryo 



NOTEBOOK ENTRY 
Lesson 11 

4 . The Principle of Conservation of Momentum 

(a) Statement _1 : Whenever the momentum of one body is changed , the 
momentum of some other object must change also by exactly the same amount 
and in the opposite direction. 

(b) Statement 2z In an isolated system of masses (no unbalanced 
external force acting on the system) the total momentum of the system is 
conserved (remains unchanged) regardless of the number of interactions that 
may occur o 

(c) Symbolic statement : mj^vj * -m2^V2 



An excellent example of an isolated system is provided by the f ittng 
of a bullet from a rifle. Before the powder explodes, both bullet and rifle 
are at rest; there are no external forces acting on either of the two except 
for gravity which , in this case, is balanced out by the arm holding the rifle c 
Suppose the bullet is fired horizontally due north; according to Statement 1 
above, the bullet will have a specific momentum toward the north while 

the will have exactly the same momentum toward the souths What 

is the missing word. 



Please turn to page 127* 
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YOUR ANSWER B 



Refer to Figure 3 on page 154. 



You will agree that when the cord is burned, mass will move off 
to the left and mass m2 will be driven to the right. If two veiccicies hav^e 
different directions, can they possibly be exactly the same? You must 
constantly think in terms of vectors. The magnitudes of the velocities migh 
very well be equal, but if their directions are different, then che velociti 
are very definitely not the samee 



Please return to page 154 and select a better answer o 



\ 
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YOUR ANSWER A 



Are you saying that a punch delivers a smaller force than a gentle 
push with the finger? A punch is a hard, sharp blow; a considerable force is 
exerted on the body that receives it. 

How about the time of action of a punch compared to a push? I^Jhen you 
push something, does your hand remain in contact with the object being 
pushed for a longer or shorter time than when you punch it? 



Please return to page 4 and find a better answer « 
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^OUR ANSWER — B 



To determine the units for a derived quantity such as impulse, it is 
always a good idea to substitute the fundamental units in the equation that 
de tines the deiived unit. 

That, is: 

impulse - F^t 

So impulse units = nt x sec. 

The unit for impulse appears to be, therefore, the product ot newton 
and seconds. Would this be newtons per second? 



Please return to page 72. The answer should be easy for you now. 
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YOUR ANSWER — C 

f 



You are correct. 



V 



HL2L5i2 = 2.0 kg x (-3.0 m/se c 



1 0.006 kg 

^1 1,0QQ m/sec 



Please turn to page 160 in the blue appendix. 
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YOUR ANSWER A 



It is true that is larger than v^, but not because the cars couple 



together at Impact 



The problem states that (the velocity of the empty freight car befo 
impact) IS 3 m/sec and that v (the velocity of the loaded freight car before 
impact} IS zero. So.it is qufte true that is larger than v,, but this ic 
simply one of the stated conditions of the problem. 



Please return to page 88. Look over the other answer carefully before 
making another selectioHo 
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CORRECT SOLUTION: mAV 



The mass of the ball is 0*50 kg. The velocity of the ball is decreas 
ing ; hence Av is a negative quantity, iee., -3.0 m/sec. 

Now, what is F? Since the ball is being stopped by gravitational 
attraction, the F is the force of gravity acting on the ball, or, in other 
words, the weight of the ball . 

We know the mass of the ball is 0.50 kg. Now how much does the 
ball weigh? 

(17) 

A 0.50 nt 



B 0.50 X 9.8 nt 
9.8 
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YOUR ANSWER B 



- There are some improper associations in this equation. You can see 
by referring to Figure 5 on page 50 that mass m2 is not associated with 

withi,! either"' '"''^^ interaction; similarly is not associated 

rh.. ^^ ^J''^^^ important in momentum problems to carefully make sure 

that the velocity associated with a given mass is the correct one. 



Please return to page 13 and choose a better answer. 
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This page has been inserted to maintain continuity of text. It is 
not intended to convey lesson information. 
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YOUR ANSWER — B 



You are correct. The freight cars form an Isolated system; there are 
no horizontal external forces acting on either car from the outside; hence 
the system must follow the Principle of Conservation of Momentum, 

Then, if the two momenta are equal to each other, we may write 
symbolically: 

mv^ ss Mv- 

where m is a small mass and M is a large mass, and where we are to predict, 
the relative magnitudes at the velocities Vj^ and v^* 

Here we have two products that are equal as a result of the workings 
of the conservation principle* Taking some simple numbers to illustrate 
our point, suppose m, the small mass, is 2 kg and M, the large mass, is 
10 kg. Suppose further that is 20 m/sec, and you want to find the relative 
magnitude of v^- Substituting: 

in m x Vj^ =s M X V3, we obtain 

2 X 20 = 10 X ? 



What value would have to have in this simple example? Write you7 
then please turn to page 126 « 
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YOUR ANSWER A 



Precisely what does that mean? 



When one speaks of the "negativeness" or the ''posit iveness" of a 
physical quantity, he always does so on a comparative basis* Something is 
negative with respect to something else; the word negative has no meaning 
if applied in isolation to the description of a force, a velocity, an inipul 
or any other quantity., 

So, in itself, the notion of a negative or a positive force doesn't 
tell us anything* Please select the answer that tells us to what this *'neg 
tiveness" is related » 



Please return to page 143 and try to select it. 
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YOUR ANSWER B 



You are cortecto Here it is: 



F 




At 


Result 


6 


X 


■ oa 


0.6 


3 


X 


0.2 


0.6 


1 


X 


0.6 


0.6 


0.5 


X 


1.2 


0.6 



So, impulse may be defined as the product of a force times the inte 
vai of time over which it acts. That is: 

impulse = FAt 

In the MKS system, force is measured in newtons and time is meas- - 
ured in seconds o Since impulse =» FAt, what is the proper unit in the MKS 
system for the impulse of a force? 

(3) 

A Newton-seconds (nt-sec) * 

B Newtons per second (nt/sec). 

C Neither of the above answers. 
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YOUR ANSWER A 



Have you forgotten what you started out to find? Your listing of 
data for this problem should tell you what you are required to determine 
must conclude that you didn't copy it as you were requested. 



Please return to page 88 to review and copy the listing. 
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YOUR ANSWER C 



No, they would not be the same. If is made larger than m its 
xnertia would be greater. This means that il the san.e force L applied to 

one '"sin^e th'; f'o' '"^'k "u"''' ^"elerate n. >re slowly than the smaller 

% °" "^he same time, and if the ac- 

cleration of one mass is greater than the other, can their speeds be the same 
after the spring has fallen away? 



Please return to page 23 and select a better 
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YOUR ANSWER C 



You are correct. Since both (velocity of bullet after impact:) ana 
(velocity of block after impact) are both zero, then any product m \^Jhlcil 
either appears must be zero. 

In that case, che equation becomes: 

m^v^ -f m2V2 = 0 

Now, since we x^ant the velocity of the bullet before impact, we shouid 
solve this equation for Vj^« That is: 

^1^1 ~ ■*m2V2 



^1 



We have this data: 

m^ = 0.0060 kg m2 = 2,0 kg 

What is the velocity of the wood block before the collision occurs - 
(39) 

A 3.0 m/sec 
B -3.0 m/sec 
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YOUR ANSWER C 



What happened? This is not correct. 



We have just defined acceleration as the change of velocity with 
respect to time. How, then, can you define the same quantity as the product 
of force and time? You can't, of course. 



Please return to page 122. If you must, check your notes before 
selec^:ing the answer again » 
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YOUR ANSWER A 



You are correct. The velocity decreases; hence the numerical value 
for AW is a minus quantity. 



Let's go a little farther with this. Again take the initial uniform 
velocity of the body as 15 m/sec to the right. If the impulse acting on it is 
great enough, the body will be brought to rest. Clearly, the change of 
velocity in this case is Av = -15 ra/sec, the minus sign being required to 
show that the velocity has decreased » 

As our last step, consider the condition whe'x?e the impulse is so 
large that it not only brings the body to rest but also causes it to reverse 
direction and pick up some speed to the left c For example, suppose that 
the initial velocity is 15 m/sec to the right and that the impulse acts 
toward the left, causing the body to stop and then begin moving toward the 
left with a velocity of 6 m/sec. Now note that the moving object' has first 
decelerated to a stop and then has accelerated to a final velocity in che 
opposite direction o 



What value would you assign to Av in this situation? 
(20) 

A Av = 9 m/sec 
B ijv = -9 m/sec 
C AV » 21 m/sec 
D 6v « -21 m/sec 
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YOUR 'ANSWER C 



on 



=;n^^^!/"®''^'^ incorrect on several counts, (Refer to Figure 3 

muft h T"' °' ^^^^ ^^^^ velocities V2 fnd vl 

must be taken into account in any calculation of total momentum, ^ 

Ho no^ this equation associates m^ with v,. This mass and velo.-^itv 

do not belong together; they are not associated with each other. ^^^°-^^> 

Improper association of symbols is a common source of error 
mentum discussions and calculations. It pays to be careful. 



Please return to page 13 and choose a better answer 



in mo- 



You have now completed the study portion or Lesson 11 and your Study 
Guide Computer Card and A V Computer Card should be properly punched in 
accordance with your performance in this Lesson, 

You should no^^; proceed to complete your homework reading and picblem 
assignment o The problem solutions must be clearly written out on 8-^" x il" 
ruled, white paper, ar ' then submitted with your name, dace, and idenci- 
fication number. Your instructor will grade your problem work in lerms or 
an objective preselected scale on a Problem Evaluation Computer Card and 
add this result to your computet protile. 

You are eligible for the Post Test for this Lesson only after your 
homework problem solutions have been submitted ^ You may then request the 
Post Test which is to be answered on a Post Test Compui:er Card, 

Upon completion of the Post Tesr, you may prepare for the next Lessen 
by requesting the appropriate 

Ic study guide 

2. program control matrix 

3- set of computer .cards for the lesson 

4. audio tape 

If films or other visual aids are needed tor this lesson, you will be 
so informed when you reach the point where they are required. P.equxsi'ci.on 
these aids as you reach them^ 

Good Luck I 
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YOUR ANSWER A 



You are correct. In formal terras: 

(The zero subscript indicates, as usual, initial conditions.) 

Po = 0.50 kg X 3.0 m/sec = 1.5 kg-ra/sec 

And since the velocity- is a vector quantity directed upward then the 
raomentura is directed upward as well. "pwara, cnen the 

ball at'^rhp'^M ^^'^^^ '^e same ball: What is the momentum of the 

^ ^ 1^ ^iihpl point in its upward flight ? Thi? ITaini^ne 
we 11 omxt Che choices, Write your answ^THhen turn ro page 130 



stion, so 
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YOUR ANSWER A 



You are correct. Both the boy and the man start from restc Their 
individual changes of momentum are the same as their individual final mo- 
menrac We'll calculate the change of momentum for each and compare ihem. 
Let us designate a velocity to the right as (+) and a velocity to the left 
as (~) c This is a purely arbitrary choice of vector directions and eould 
just as well have been the other way around without making any difference 
in the analysis • 

Man : = ^^'^m 80 kg x 0.25 m/sec - 20 kg-m/sec 

Boy: /jfP^ = ^b'^^b 50 kg x (-0.40 m/sec) = -20 kg-m/sec 

Despite the differences in mass and velocity, the changes of momen- 
tum hav e the same magnitude . Any experiment we do under these same 
conditions works out the same way: . The interacting bodies , provided t hat 
no external forces are applied ^ separate with the same momenta in opposite 
directions > 

This relationship "may be conveniently expressed in symbolic torm. 
Which of the following i6 the best expression of the ideas we have juL* t 
discussed? 

(27) 

A mj^Av| = m2Av2 
B. AnijV]! = -Am2V2 



C n^jAV] = -m2Av2 
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YOUR ANSWER ■ B 



We have seen that there an inverse relationship between velocity 
and mass in an explosion-type ol action. That is: 

In the case of the second rifle, we are using the same bullet; hence 
v^ and remain the same* Since these quantities do not change, why not 
think of them as comprising a constant k which may be substituted in then 
place so that we can write: 

Av 

^ r ttij: 

This expression, then, is easy to interpret. The change of velocity 
of the rifle is inversely proportional to its mass. Thus, the nev/ rifle too 
on a speed that was 4 times as great as that of the original rifle. Can its 
mass be 4 times that of the original rifle? 



Please return to page 100, You should have no difficulty now^ 
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YOUR ANSWER B 



You ay.'e correct. You changed 0..005 min to 0^30 sec and then tccnd 
the impulse as the product of 80 nc x 0.30 sec = 24 ut -sec- 



Just for a while, we shall leave the subject of impulse and mvestigor. 
the characteristic of a moving mass that Newton called its quantity ot fflcrio oL 
This idea was briefly discussed in the introduction to this lesson^ It a 
mass m moves with a velocity v, we sense that there is a certain quantity ct 
mocion; when >Si^ double the mass (2m) x^rtiile it has the same 'velocity as batc::ej 
we feel intuitively that the quantity of motion has also doubled c Now going 
back to 'le single mass m> suppose we double the velocity; again we sense, 
that this, too 5 should double the quantity of motion. So> it efthei the mais 
or the velocity is doubled, the quantity of motion doubles. 



What do you think happens to the quantity of motion if we double bo:.h 
the mass (2m) and the velocity (2v)? 

(6) 

A Doubling both causes a cancellation v/hich makes the quantity of 
.motion the same as it was for mass ra and velocity v « 

B Doubling both m and v causes the quantity of motion to doubie. 

C Doubling both m and v causes the quantity of motion to be t vimes 
as great as it was. 
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YOUR ANSWER — B 



You are corrects Momentum is the product of mass and velocity. 



Before going further, we must decide whether or not momentum is a 
scalar or vector quantity* In discussing impulse , you noted that when a 
vector quantity is multiplied (or divided) by a scalar quantity, then the prod- 
uct (or quotient) is a vector quantity . 

Therefore without further ado, we can say the momentum p is a vec- 
tor quantity. The reason for this statement stems from the fact that p is 
the product of which quantities? 

(9) 

A Mass (vector) x velocity (scalar)* 

B Mass (vector) x velocity (vector). 

. C Mass (scalar) x velocity (vector). 
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YOUR ANSWER C 



You are correct. We are to find the velocity of the coupled cars 
after impact_* 



After siiTip] ying, ve came out with this equation: 



Now, before substituting in this expression, co avoxd gecting lost m 
a morass of numbers, let's look ahead to the physics of the problem^ Would 
you expect the common velocity of the coupled car to turn cnt to be larger, 
smaller, or the. same as the velocity of the empty freight car before impact? ■ 
In short, by anticipating in this fashion you can tell whether the answer you 
get for Vo contains a possible blunder « 




Solving for v^, we have: 



m, + m 



(35) 



v^ should be smaller than v^ 



B 



v^ should be larger than vj 



C 



v-j. should be equal to vj^^ 



I don't know how to predict this^ 
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YOUR ANSWER 



h„r V ^^""V ""^ "^3 is zero, making the second term 7ero 

but the velocity of the buller. /is a finite quantity, not zero Hence 
the product m^vi cannot be zero. ^ y> zero, nence 
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YOUR ANSWER B 



In the set of conventions we aire following, a (-) sign before the nu- 
merical value of the force is presumed to indicate that th<i force is one thai 
retards the motion or causes deceleration. When a force is applied in r.he 
same direction as the initial motion of the body, would this retard or 
accelerate the body positively? 



Please return to page 143, There is a much better answer you eari 

choose. 



r 
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YOUR ANSWER A 



Ycu ate cc::tect. The Principle ot Conservacion ef Motnentum applies to 
any rype of .xrater.a.c:ion or coiilsion.. So, alchough the freight cat collision 
is inelastic, ir^ ome nxuip must be cori oet ve.d. 



Let; us wr-"« the genetal equation first, using the same notation as 
for the billiard bails: 




Next , 



we'll lisi rhe quantities we kncw.^ 




m 



raaiJS or empty ti eight: car (6:0 x iO^ kg) 
velocity of empty freight car bef ore^impact O m/sec) 
mass of loaded freight car (1.2 x iO"' kg) 
velocity of loaded freight car before impact (0 m/sec) 
velocity ot empty- freight car after impact (?) 
velocity of loaded freight car after impacv: (?) 
^ vCopy the above listing. J 



:iince 
the following 



the cai s 
mus<' be 




rogether at impact, this means that which of 



(33) 



A TLnsx be .}.i,rger 



B missc be lai ger than v 
C v-^ must be equal to 
D V.J must be less thciH v 
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YOUR ANSWER c 



You made a creditable stab at it. but you lost your way! 



From Newton's Second Law, we know that: 



w = 



mg 



sellcting thL answer ^PP"^"!?. you inverted the equation somehow 1„ 
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This page has been inserted co maintain continuity of text 
not xnten.'ed to convey lesson information . ' ' ' 



it IS 



ERIC 
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YOUR ANSWER B 



This ansv/er is incorrect. 



We think we know how you reasoned to arrive at: this answer- You 
probably noticed that the mass of the loaded freight car is exactly twic e 
that of the empty one since the masses are, respectively: 

loaded car 1,2 x iO^ kg 

« A 

empty car 6»0 x 10 kg 

Thus : ^ 

^-2 X 10 ^ Q^20 X lOi = 2.0 
6.0 X 10^ 

So you then reasoned that if the loaded car is twice as massive as the 
empty ohe^ the velocity after impact must be half the velocity before impact. 
The velocity before impact , Vj^ , is 3.0 m/sec, and half of that is 1.5 m/sec. 

Where is che error in your reasoning? It's easy I The mass after 
impact is not t^fce that before impact. Study the terms of the problem ag^^in 
you will see why we say this. What happened to the cars at the moment or 
impact? 



Please return to page 51 ^ 



Choose the correct answer. 
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YOUR ANSWER — C 



You evidently formed a product to obtain the derived units but vou 
have used the wrong unit for velocity. units, but you 



unit ''^y '^^^^ "sed the wrong velocity 

unit, you should have no trouble in selecting the proper answer Please 
return to page 153. f p duawer. f lease 
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CORRECT /^SWER: Since V2 and are both zero, then m2V7 and iti^^3 drop 
ouL, leaving the simplified expression: 

Note that we hav^ been omitting vector arrows for simplicity A3.sc, 
since and v^ have the same direction both are considered (+) quantities 
in this example 6 

We can assume without the danger of significant error that the biiiiaid 
balls ot our example in Figure 5 on page 50 are of equal mass. Basing your 
thinking on this assumption, you can then answer the following question; 11 
the firot billiard ball strikes tne second at 1.8 m/sec, with what speed wiii 
the second billiard ball move after impact? 



Write your answer to this question and then curn to pcige 103 tor 
confirmation. 
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YOUR ANSWER B 



You are correct Good chinking! When an unbalanced force is applied 
to a mass, the velocity ci the mass itiust change either m ii^gnicude or di- 
rection. This change ot velocity is symbolized by Av* But when the veiocit^r 
of a mass changes, then its momentum must also change. Thus, mAv ceils 
ycix that the momentum has changed. Obviously, we don't write it this way: 
tmv^ because this might give the false impression that mass was changing* 
For a given body, the mass is constants 



Betore continuing, please zv^^.n tc page i57 m the blue appendix 

We have progressed to this point: F^l^t * mAv 

We can now interpret it correctly 



NOTEBOOK ENTRY 
Lesson II 

3c Relationship of impulse and momentum 

(a) Newton's Second Law may be used to show that: ^At mAv 

(b) This equation states that the impulse of a force applied to a 
mass is equal to the change or uiomentum which the mass undergoes as a result 
of the impulse. 

(c) Since both force and velocity. are vector quantities, it must be 
tetnembered thac the complete form of the equation is: < \ 

i'&t » mAv 

As long as you remember the vector nature of these quantities, it is 
permissible to omit rhe vector aircws. 



Let's consider a simple example « How great is the impulse that gives 
an 8r00-kg mass a change of velocity of 4^00 m/sec? (Copy this problem into 
your notebook as an illustrative examplec) Work out the answer; then check 
it by turning to page 3ic 
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YOUR ANSWER — B 



There are actually two errors In this answer. 



First, the units given are those of momentum. We want Impulse units 

here. 

Second, you have failed to recognize that both impulse and momentum 
are vector quantities. As the ball rises and finally comes to rest at the 
top of its flight, its momentum gradually decreases to zero. It is conven- 
tional to refer to increasing momentum as a positive quantity and decreas- 
ing momentum as a negative quantity c 



With these hints, you should have no difficulty in selecting the right 
answer « Please return to page 130 and do so. 
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YOUR ANSWER — a 



moving towarl mj , can it^ If it werr^^^-. ° °' "2 cannot be 

velocity one wa^'or the other. """^'"^ " have a definite 

Please return to page 50 and select the right answer. " 
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YOUR ANSWER A 



Truly, this is not really an error at ail. It is merely a matter of 
talking a common language. Refer to Figure 7 on page 113, If you used 
3,0 m/sec instead of -3/0 m/sec in the calculations for this problem, 
the velocity of the bullet before impact would simply turn out to be a (-) 
quantity. This would indicate a reversal of the usual convention but would 
not cause the answer to be in error. 

We might understand your choice of this answer if we hadn't also 
offered -3.0 m/sec. As a matter of consistency, we agreed a long time ago 
that we would indicate velocities to^ the right as (+) quantities and velocities 
to the left as (-) quantities. In this way, we adhere to the conventional 
axis notation in Cartesian coordinates where the X-axis is (+) to the right 
anc (-) to the left of the origin. 

So, let*s use the accepted conventions about signs from now ouc 

<^ ■ 

Please return to page 75 and choose the alternative answer* 
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YOUR ANSWER B 



There is a blunder in the placement of the decimal point in this 
answer ■ 



One of the things you must train yourself to do is -co inspec t the 
numerical combinacion after substitution to determine the order of mag- 
nitude to be expected. In this case: 

Oo50 X (-3oO ) 
^ ^ -0,50 X 9.8^^^ 

It should be perfectly evident to you that the 0^50 in 'che numeiatot 
will cancel the same factor in che denominator and leave you with: 

Aj. "3.0 

Since. this is approximately 1/3, how could your answez possibly turn 
out to be 31 sec? 



Please return to page 125 and select a better answer. 
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YOUR ANSWER C 



We agree that a punch represents a larger force than a gentle push 
with a forefinger. But x^e wonder if you have thought x^ith sufficient care 
about the ti'me involved in each of these actions- Do you really think that 
a sharp blow lasts for a longer time than a gentle push used to close a doo 
You must remember that a sharp blow causes sudden acc3leration of the 
object; the object then moves away from the source of the blow so that che 
force cannot continue to act on it any longer. 



Please return to page 4. The right answer choice should now be quite 
obvious. 
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YOUR ANSWER B 



You are correct* This is easily seen if we solve the conservation 
equation for the ratio of the velocities by cross-multiplying; 

Av^ 

This shows that the ratio of the velocity of the rifle to chat of che 
bullet is the same as the ratio of the mass of the bullet to the mass or the 
rifle. Since the bullet's mass is very small compared to the Jifle's mass, 
the ratio on the right is a very small number, too, and the value ot A\,, 
is very small compared to the value of ^v^. 

Suppose the same bullet were fired from a different rifle which re- 
coiled with a speed of 5 06 m/seco Since 5.6 is 4 times as large as 
what would you immediately know about the new rifle? 

(29) 

A It has h the mass of the original one. 

B It has 4 times the mass of the original one. 

■ C It uses a different firing mechanism. 



ERIC 
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YOUR ANSWER B 



The definition you selected is often used in calculations under certai n 
very specific conditions . If it is understood that the accelerating body 
starts from rest, then v may be taken to be the velocity that the body has 
gained; if tha. timing process began with t = 0, then t may be taken as the 
interval elapsed while the velocity was increasing from zero to its final 
value Vo Thus, a. = v/t is not a good general definition of acceleration, 
since it is useful only for a situation involving the specific conditions 
described » 

In general, acceleration is defined as the race of change of velocity 
per unit time* A mathematical statement of this definition which is to be 
applicable to any conditions of initial velocity and any timing range should 
contain the idea of change . In a = v/t, there is no indication of anything 
changing • 



Please return to page 6. You should be able to pick the best answer 
at this point. 

( 
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YOUR ANSWER fi 



We hoped that we had cleared this point up bef 



ore. 



When the delta precedes the product, there is an implication tha^ -he 
momentum may change as a result of a change in either the mass ot the 
velocity or the body, or both, Howeve^. since our problem involves one 
specxfic body for m, and one body for ^„ the mass is not a varilble Hene 
5 'ssibiUty '"'^ ^° bi-considered Is a ' 



now. '° "^^^ "^^^ ^^'^^ ^° Pi'--^ the right answe. 
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CORRECT ANSWER: The second billiard ball will move off at a speed of 1.8 
m/sec, too. Clearly, if nijv^ ^2^4> addition if mi = then we 

can see at once that = v^. Thus, the velocity of the moving ball before 
impact must equal the velocity of the moving ball after impact. 

In the collision of the billiard balls j the momentum of the first ball 
is completely transferred to the second ball. There is an entirely ditfeient 
type of collision, as exemplified in the problem to follow, which also can 
be solved through the use of the conservation principle. 



However, before continuing, please turn to page 159 In the blue appendix c 



Standing on the same track is an empty freight car of mass 6.0 x 10 kg 
and a loaded car of mass 1,2 x 10 kg (Figure 6) « The empty freight cax is 
on an incline with its brakes locked, xv/hile the loaded car is on leveT track 
with its brakes off. Somehow, the brakes of the freight car i are released, 
and it rolls down the incline, colliding \<i±th- freight car 2o At the instant 
of impact, car 1 is moving at a speed of 3 m/sec. At impact, the cars coupj-i 
together and move off as a unit. What is their common speed after the coiiision'/ 




Figure 6 

This is called an inelastic collision . It represents an isolated 
system because no unbalanced external forces act on the cars. Will the 
total momentum of the system be the same after the collision as it was before? 

(32) 

A Yes. 

B Noc 



C I don't know* 
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YOUR ANSWER B 



velocity were a scalar quantity, then ^7 could be found by subttacr. 
mg the fxnal from che initial velocity without- regard for the physLIi 



You subtracted iO m/sec from 2.0 m/sec and obtained a value of -8 0 
CO review the reasons that explain why this operation is not satisfactory! 



Please return to page 39 and choose a better response, 
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YOUR ANSWER B 



It might go into the water hazard if the golfer swings in such a way 
as to drive the ball to his righto But he could just as well apply the lorv.e 
to his left or straight ahead. What then? 



Please return to page 134. Your answer should be thoughtfully chcsen 
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YOUR ANSWER A 



This cannot be true if the Principle of Conservation of Momentum is 
to apply to all interaction situations • 



The principle states that in an isolated system of masses (no unbal- 
anced forces acting on the system) the total momentum of the system re- 
mains unchanged regardless of the number of interactions that may occur* 

Our freight car system ^s an isolated one. No unbalanced external 
forces act on the cars during the interaction* (Gravity does act on both 
but the reaction force upward is opposite and equal to the xi?eight of each 

lllH£> the cars are in equilibrium vertically during and after impact > 
so gravitational force may be ignored,) 

So since the system ib isolated, and there is an interaction that fits 
the conservation principle in all its details, the momentum before impact 
must be exactly the same as the momentum after the collision. 



Please return to page 4) and choose the alternative answer* 
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YOUR MSWER — D 



This is not correct. The list of answers does contain the cortecr cne. 



Please repeat your calculations. Be sure your substitutions ate 
correct > and ; then watch that decimal point I 



Correct your error; then turn to page 56 and choose the right answet 



\08 



YOUR ANSWER B 



You are correct . Mass m2 nas a larger inertia than , With the . 
same force applied by the spring to both masses, the smaller mass would 
experience the greater acceleration i acceleration varies inversely with 
mass), Since the force acts for the same time on both masses, then the mass 
with the greater acceleration would acquire the greater speed: 



When two bodies interact: as in the previous example, the same oi 
different velocities may be imparted to chem by a common force, depending 
upon their respective masses « It might occur tc you to ask whechet the^e 
is some simple relationship becween the momenta (plural toi. momentiim? cr 
the two bodies c 

There is, indeed! For example, as shown in Figure 4^ the two c:arrs 
start from rest and, when the cord is b-arned, m^^ acquires a speed of 2:0 
m/sec, x^hile acquires a speed of 0.20 m/seco You will observe that ra., - 
0.10 kg and m2 = KO kg. 




OAO kg 1.0 kg 

^1 m 



Figure 4 

The change of momentum of m| as a result of burning the cord is 
easily explained.. Since the mass was initially at rest, its change of 
momentum is the same as the final momentum acquired, or ip^ = m^Av-^ 
OclO kg X 2nO m/sec = 0o20 kg-m/sec toward the left. The change of 
momentum of m2 is similarly easy to deter-mineo 



The change of momentum of m2 Is ^ « Write the full 

answer; then turn to page 151 to check your answer* 
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YOUR ANSWER — - B 



This answer indicates that you need a review of your notes on vectors 
and scalars in general. 



One or both of the quantities in your answer choice are mi.slabeied 
with respect to their vector or scalar nature. 

Think about this again, or look up definitions of scalars and vec'cors 



Please return to page 84. Don't guess. Be certain you know which 
quantity is vector or scalar before choosing another answer « 



no 



YOUR ANSWER A 



Your mind is still back on a previous step of this problem 



question-" "^at'^r^h f ^« ^^e answer co 

4uebUion. Wnat is the 7n07^^Pn^ll7n aft-^^ i-u^ n 



question: "What is the momentum after the forcractsV- ' ' 

-nomentu. is the difference between the xnitial LL^ L and the'^g.^r 
momentum and is numerically equal to the impulse. We are looking'- 
fxnal momentum of the body, not the change it experiences ' 



Please return to page 26. Select a better answer< 



ill 



YOUR ANSWER --- B 



You didn't read the question V7ith enough care. There is one glarii 
error in the set of units presented above. ^^"^^ 



Please return to page 31 and select a better answer. 
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YOUR AxMSWER ~ C 



You are correct. When the cars couple together, rhey uoasat 
single moving body with a single speed. Thus, ^3 ~ V/^* 



So, if v^, we can simplify the original equation like t\ 

becomes ^x^l "^2^2 ~ "^1^3 ^2^3' then 
mj^Vj^ + m2Vo = v^Cni]^ + 

Now look at the list of data^ You will see that the v-eic 

the loaded freight car before impact, is zero. Hence, the term 
out, and the equation is further simplified to: 



m 



1^1 = V3(mi + 



Of the various factors present in this simplified form, which 
the unknown in this problem? 

(34) 

A 



C V3 



D m2 
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CORRECT ANSWER: The speed of the canoe after the boy steps aboard is 0<56 
m/sec. 

The solution: 



^2 " 

Vn = 



mass of canoe « 75 kg 
mass of boy = 60 kg 
initial velocity of canoe = I.O m/sec 

velocity of boy and canoe after boy steps vertically into 
canoe 



The equation: 



Substitution: 



Y = X 

3 m, + 



- 75 kg X I g 0 m/sec 
' "* 75 kg + 60 kg 



Vo = 



75 Ji*g-m/sec ^ * 

— , = 0,56 m/sec 

135 Jfig 



In this problem and in the preceding one, the conditions were set up so that 
a moving object collided with an object at rest, the result being that the two 
objects moved off together at the same velocity. 

Just for the fun of it, let us work out a problem together in which 
both objects are in motion when an inelastic collision between them occurs- 
Refer to Figure 7. A 6-gram bullet (0, 0060 kg) is fired toward the right into 
a 2-0-kg wood block that is moving toward the left along a f rietioni :-ss 
table at 3,0 m/sec. The bullet penetrates part-way into the block, bringing 
it to a complete stop. We want to find the velocity of the bullets Write 
a conservation equation in very general terms that fits this situation. 

3 m/sec 












V = ? 
y^, > 








BULLET 




0.0060 kg 










ICTIONLESS SURFACE 



Figure 7 

After you have written the equation, please turn to page 54. 



YOUR MSV/EK A 



What dees Che exptession you selected r.eii you? 



ch.„g. II :iLtj"f^,:j "if„^ " -'-^ - '--^ 

»ltb TCCtot ,„a„t,ltiM Md s^nce both sid^-^f ™ "Baling 



this a ph3?sicai toct ? 



CGtrectiy 



Please return to page 8i. Select an answer that tells the whole sto.y 
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CORRECT A^ISWER: Impulse is a vector quantity « 



To describe an impulse fully, you must give its direction as well as 
its magnitude. You will recall that force is a vector quanti^ and, to be 
strictly correct, the symbol for it should always be written F. In many 
situations, though, we omit the vector arrow and write simply F; but if we 
do this, we must bear in mind that force is a vector quantity. 

You will find that a vector quantity multiplied by a scalar quantity 
always yields a derived quantity that is a vector . There are no exceptions 
to this rule. In this case we have force (a vector) multiplied by time (a 
scalar) to yield impulse (a vector). Properly written: 



impulse - FAt 



NOTEBOOK ENTRY 
Lesson 11 

1 . Impulse 

(a) The impulse of a force is the product of the force (F) and the 
interval of time (At) over which it acts* 

(b) A vector quantity multiplied (or divided) by a scalar quantity 
always yields a vector product (or quotient). 



FAt = impulse 

Hence, impulse is a vector quantity, since force is a vector and j 
time is scalar • j 

! 



Incidentally, few authorities use a symbol for impulse, so we shall 
follox^ salt. For our pun>oses, when we want to symbolize impulse in an 
equation we shall write FAt, with or without the vector arrow, depending 
on the, circumstances. 



Please go on to page 116. 



.;:6 



A 0,40 nt^-sec 
B 2^ nt-sec 



ERIC 
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YOUR ANSWER C 



This is too vague a statement, and it doesn't give a definition of a 
tecTOc It only repeats in words what the terms state in symbols. 



The "4" does represent "a change of," but it is not placed before the 
product like this: 



let a very good reason,, By inserting the bej:ween the m and the -\> 
factors, we aie explicitly saying that the mass does not change while ;he 
•velocity dces„ What change could we mean by m&vl 



Return to page 46 and select another answer, please. 
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YOUR ANSWER — - A 



f,. This IS not correct. .. You &te probably being contused by the syn^bol 
for moraencum. it is not m; it is p , . f>3"-D^i 



If you. solve the equation m - pv fox p, you get p » m/v, which is . 
ratio, not a pEoauct,. ^ & t- . , .w.-cn xt, =. 

not correct ?^ "^'^^^ ^nd velocity, then m p. is 



Please return tc page Ui and select anothei answe' 
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YOUR ANSWER C 



To obtain this answer, you merely added the initial and final velocities 
without regard to their directions. In doing this, you forgot the vector 
nature of velocity and committed a serious error. 



Since the body slowed down from 15 m/sec to 0 m/sec just before revers- 
ing direction, this segment of its Av is -15 m/sec. Now, if it reverses 
direction, the impulse causing this must still be applied in the direction 
that caused the original deceleration. Therefore, if we call the effect 
of the first part of the impulse (that which brought the body co rest) a 
negative quantity, then the new, oppositely directed velocity must have the 
same "negativeness" because it is being caused by the same negative impulse 

Thus, ir bringing the body co rest, the impulse caused av to be 
-15 m/sec. Then, in accelerating to 6 m/sec in the opposite direction, there 
was an additional Av of -6 m/sec. Now, what is the total Av? 



Please return to page 77 and choose the best answer. 
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YOUR ANSWER B 



It may well be chat you did not recognize the kind oi constancy we had 
in mind^ Think of the previous cart experiment for a moment o The carts 
had different masses; they interacted as a result of the expansion of the 
spring; one cart went off tc the left wiich a change of momentum of 0*2 
kg-m/sec while the other cart went off to the right with exact ly the same 
change of momentu m o 

So, in the boy-pushes-man experiment, you might detect this same 
constancy of momentum if you computed the Ap for the boy ?nd for the man and 
then compared . them.. Try it . 



Now return to page 151, please^ You should have the answer noWo 
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YOUR ANSWER A 



You didn't try this operation, did you? 



This is what happens if we add the members of the pairs: 



F 




At 


Result 


6 


+ 


O.I 


6.1 


3 


+ 


0, 2 


3.2 


1 


+ 


0.6 


1.6 


0.5 


+ 


1.2 


1,7 



The results are all different. Yet each of the forces acting for the 
time shown in the same row produced exactly the same effect as the other 
pairs of force and time» That is, the impulse of each force was the same. 
Apparently, then, we cannot find the impulse of a force by adding the force 
to the time interval over which it acts. Such an operation would also involve 
inconsistency of units, adding newtons to seconds o 



Please return to page 33 • Then choose another answer. 
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YOUR AiNSWER k 



You ate correct-: Acceleration is the xate of change of veiocity with 
respect to time. The ''iSi*' means rate cf change. Thus, /^^v is rate c£ change 
of velocity, while dt expresses the time intetval or the change oi the reading 
c£ the clock: from t, to 



Returning to the Second Law, suppose we substitute ~ in place of a. 
We then have: ^ 

? — ma 

B ^ nr — 

Now, multiplying both sides by ^t will move this factor to the left 
side, giving us; 

F^t = mAv 

But what is Of course! It's the symbolic definition of which ot 

the following? 

(12) 

A Motnentunio 

B Impulseo 

C Acceleration<, 
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YOUR ANSWER D 



This answer is incorrect in that it ignores the fact that velocities 
V2 and V3 must be taken into account in any calculation of total momentum. 

It is perfectly true that if V2 and are zero, this is the result 
that we will get. But we are not looking for the final answer, yet. 



Turn to page 30 and find out the correct answer. 



1.24 



YOUR ANSWER — A 



This answer xs net justiiiabie. Fust, from the Third Law we know thac 
the. force acting on has the same magnitude as the torre on (It 
Bcdy A exexvs a force "on Body B, then Body B exetts a to tee of equal 
magnitude on Body A in che opposite direction,) 



Then, writing the Second Law for and 7712, we have: 

F ^ ni-rai and F = xiiym 

where b\ and ap are r.be accelerations cf iru and m2> respec. r iveiy . Now, 
since the fo;:e F xs the same on bot:h masses, -we can equate: 

Then if we solve fot , the relationship we want is clearly shovm: 

a. ^ 

ct V do — c 

We said thai;, we were going to double Tn2. Thus, m2 is larger than m; , 
and the fr^SLCtio-si m2'rr;y above is largei than unity o 

If a.1 equals a2 multiplied by seme number greater than 1, what does 
that tell you about the comparative si^-e of a-^? 

Were you confused as to which mass was increased? 



Please return to page 23 and try againc 
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YOUR ANSWER B 



You are correct ,, You used the expression w = mg , and since 
tn = 0.50 kg and g = 9,8 m/sec^, then v « 0,50 kg x 9.8 m/sec^ 0-50 x 9.8 nt 



Ail right. Let^s collect our facts • The equation for determining 
the time of application of the impulse is: 

TnAv 
At = — 

We have the following data: 

m = 0.50 kg Av = -3e0 m/sec F ^ -(0.50 x 9.8 nc) 

Note the (-) signs before the av and the F factors a 

We're ready to substitute: 

^ 0.50 kg X (-3.0 m/sec) 
-0o50 X 9.8 nt 

The rest is up to you. Determine the time of application of the im- 
pulse. Be certain that you handle the (-) signs properly because time 
must come out as a positive quantity. 



What do you get for At? 
(18) 
A 3.1 sec 
B 31 sec 

C Neither of these. 
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CORRECT ANSWER: In the expression .2 x 20 = 10 x ^^3, V3 would have to be A^c 



Thus, we have: 

2 X 20 = 3.0 X 4 

So that 40 » 40. 

Now observe what has occurredc The small mass m is i/5 as large as 
the laige mass Mo The equality of the products torces us to assign a value 
to which is 1/5 thai of v^^ so that equalit y may be maincalrie d. 

In short, then, la an interaction involving the coupling together cf 
the masses after the celiision, where the new mass is the sum cl the original 
masse's, what must be true cf the new velocity afcex impact compated to the 
original velocity before impact? 
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CORRECT ANSWER: The rifle will have the same momentum toward the south as 
the bullet has toward the north. 



To see how this works out in practice, we'll run through a numerical 
example involving the firing of a bullet, A rifle having a mass of 2,0 kg 
fires a 0,0030 kg bullet north at a muzzle velocity of 900 m/sec. What is 
the recoil velocity of the rifle against the marksman's shoulder? 

Symbolizing the quantities: 

m^, = 0,0030 kg m^ = 2,0 kg 

V, == 900 m/sec v = ? 

b r 

The Principle of Conservation of Momentum: 

m^Av^ « -m^Av^ 

Solving for the change of velocity of the rifle, we have: 

T 

m^ 

Substituting: 

„ _ 0,0030 kg X 900 m/sec 
^ 2.0 kg 

"* -1*4 m/sec 



Thus, the recoil velocity of the rifle is 1,4 m/sec to the south 
as indicated by the minus sign. The recoil velocity of the rifle is relatively 
small compared to the velocity of the bullet. Why? 

(28) 

A The explosion has more effect on the bullet than on the rifle. 

B The mass of the rifle is much greater than the mass of the bullet, 

C The marksman's shoulder retards the recoil action. 
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YOUR ANSWER B 



That fact chat you introduced the <-) sign Into the answer is an 
indication that some of your thinking is following the right lines. But you 
haven't gone far enough e - 



Look at it this way: we know that when the moving object is brought 
to rest from a velocity of 15 m/sec, the change of velocity is -15 m/sec» 
The minus sign indicates that there has been a decrease of velocity o Now, 
when ic is acceleiat.ed in the cpposire direction to a new speed of 6 m/sec, 
the total change of velocity is grea ter than it was when the body was just 
brought to resto Remember that l^elocity is a vector quantity and that the 
direction of motion ro.ust be considered as well as the speed. An oppositely 
directed ^/elocicy Is a ^'minus" velocity compared to the velocity in the 
original direction c 



Please return tc page 77 and select another answer choice. 
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YOUR ANSWER B 



Hold onl I'm afraid you've missed the point! 



We are using the word momentum to describe the quantity ot motion. 
We have agreed that increasing either the mass or the velocity (or both) of 
the moving body will increase its momentum« 

If, then, we have somehow increased the momentum of the locomotive, 
we must have increased either its mass, its velocity, or both,. It the mass 
has been increased, then the engine will have more inertia. It. w^ill be more 
difficult for the wood stop to bring it to rest. Therefore, it seems reason 
able that the probe will have to penetrate more deeply into the wood before 
enough retarding force can be brought to bear on the locomotive to stop its 
motion* 

On the other hand, if the momentum has been increased by raising the 
rolling speed, then a given force will need more time to decelera te the loco 
motive to rest. Again, this implies that the probe will have to penetrate 
more deeply in order to do the job of stopping the engine. 



Please return to page 7 and read the question again* Yo\- should be 
able to select the right answer now. 
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CORRECT answer: at the highesc point in its flight, the .centun. of the ball 



The ball must stop moving at the highest point, preparatory to 
reversing its direction for the return downward Thus If ^ t • 
its velocity is zero, and the product mv u Tso zero ' 



the ban/''''" «t°P« the motion of 

(16; 

A -1 0.5 kg-m/sec 
B i„5 kg-m/sec 
C -lo5 nt-sec 
D 1»5 nt-sec 
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YOUR ANSWER B 



You know that the momentum of the system after the collision must be 
equal to the momentum before the collision. Before the collision, only the 
empty freight car is in motion (relatively small mass), while after the 
collision both the empty and loaded freight cars (relatively large mass) ar( 
moving together. Since momentum is a product of mass and velocity, if the 
large mass after the collision is to have the same momentum as the smaller 
mass before the collision, what must be true of the new velocity? 



ease return to page 85. Then choose a more suitable answer. 
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This page has been inserted co maintain continuity of text. It is 
not intended to convey lesson information. 
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YOUR ANSWER C 



This answer is numerically correct, but we*d like to talk about the 
algebraic sign for a inoment. 



We found the momentum before the force aces to be: 

p = 10 kg X 10 m/sec = 100 kg-m/sec 

Although we said nothing about it explicitly, we are tacitly taking 
this to be a positive momentum, to be later compared with the momenvom attei 
the force acts. Suppose the object had been moving eastward initially; then 
we are arbitrarily calling an eastward direction positive, thereby assigning 
a {4) sign to the eastward momentum o 

You already know, however, that after the force acts, the body will 
be moving westward c To be consistent, we must therefore refer to westward 
motion as negative compared to the positive eastward motioHo 



Please return to page 26. You should be able to select the iighc 
answer now. 
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YOUR ANSWER A 



You ate correct. The impulse of a force is a derived quantity 
(deiived or obtained ftcm F and At), so its units tnust be derived in the 
same way. Since impiilse is a product, that is, Fx At, then its unit is a 
product: nt x sec cr nt-seCc 



Our next concern lies with this question: ^ impulse a^ scala r or 
vec ^ or quant 1 ty ? Well, let's go back to our demonstration door and see 
how 'further thought about it will helpo 

Suppose we have a dcor that will close firmly and surely if a force 
of 2 nt is applied to it for 2 sec in the right direction » The impulse in 
this case would be 2 nt x 2 sec ^ A nt-sec^ We then ask this straight- 
forward question: Since an impulse of 4 nt-sec will close this door, will 
an impulse of 5 nt-sec just as surely close it? Your tendency is to answer 
in the affirmative, but this is a hasty answer because an impulse of 5 nt-se 
applied to the door in the wrong direction will cause it to open wider 
rather tha n to close . 

You can think or similar examples involving other things besides 
doors • To che left of a golfer is the last hole; to his right is a water 
hazard. An impulse of i.6 nt-sec is enough to move the ball into either of 
these o All right. Suppose the golfer gives the ball an impulse of 1.6 
nt-seco Into which — the hole or the water hazard — will the golf ball go? 

(A) 

A Into the hole. 

B Into the water hazard c 

C The data are insufficient to answer the question* 
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YOUR ANSWER B 



//u^ . Principle of Conservation of Momentum as stated in notebcck enrtv 
4(b) is a universal principle . It applies not only to perfectly elasMc " 
ecliisions but also to inelastic and partially elastic collisions, too, 

Youwere probably confused by the introduction of che word ■'inelastic, 
H£e, cr collision does not affect the validity of the conservation pr^n- 
clple . — — -t- — - — 



Please return to page 103 and select che right answer, 
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YOUR ANSWER b 



V... a....„.... „ ^^^^^^^ ^^^^^ ^^^^^^^ ^^^^^ 
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YOUR ANSWER A 



This answer is a bit vague and therefore incorrect ^ Remember, 
science is an exact discipline^ 



Momentum has only one form; there can be no "slightly different" 

one: 

p « mv 

This is the only defining equation for momentum, and is considered 
as absoluteo The moment you insert a new term like you change the 

equation so that it no longer represents the same thing that it did previously,. 

If you read out "m^v" orally, you might say it is mass times a change 
of velocity. Since for a given body the mass is constant, we don't want to 
place the "a" in front of the product like this: 

Amv . 

If we did, you might think that the mass was changing or that both the mass 
and velocity were being altered* j 

You can reason this outc . There is another choice which defines the 
term accurately. 



Please return to page 46 and try. again ^ 



ERIC 
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YOUR ANSWER B 



Ha%'e yois foigotcen what: you started out <-« f-r ^ 
tot this problem shonU tell you what vou ^rp . . f ^^"'^"8 '^^^ 

n-ust cc^nclude .hat: you didn't conv i^ ^« "'l"^"^ detemine. We 

aian t copy it as you were requested. 



^iease return to page 88 to review and copy the listing! 
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This page has been inserted to maintain continuity of text. It xs 
not intended to convey lesson information. 
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YOUR ANSWER — B 



In the iett diagiaiii of Figure 5 on page 50, the symbol v2 evidently 
applies ^c- m-, just before impact cccuis . Since V2 is given as zero at 
impacr, , then cin ^2 be moving in any direction? If it were moving at all, 
it would have a detinite velocity one way or the other r 



Please return to page 50 and select the right answer 
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CORRECT ANSWER: If the depth is the same, then the momentum of the probe 
in this situation must be exactly the same as it was when it was mounted on 
the locomotive « 



Remember, we are measuring momentum or quantity of motion by the 
depth of penetration of the probe. If the depth of the fired probe is the 
same as the depth of the probe carried by the engine, then the. moinentum must 
be the same in each case. 

To keep the conditions straight, we are using rather unusual symbolism 
For the locomotive probe, M is mass and v is velocity to help you keep in 
mind that the mass is very large » For the fired probe, the mass m is small, 
biit the velocity is large, so we have taken the liberty of symbolizing it 
with V. Clearly, in this example, a given amount of momentum can be attained 
by using either a large mass and a small velocity or a small mass and a lazge 
velocity « 

From these considerations alone, we have a clue as to the definition 
of momentum o The only way the M and v can be put together to give the same 
result as m and V, is by means of a product s If we" write Mv = mV, and 5 if 
the masses and velocities are chosen correctly, it is possible to establish 
an equality c 

So, the momentum of a body moving with uniform velocity is defined 
as the product of mass of the body and its velocity . If momentum is sym- 
bolized by p, then the defining equation is which of the following? 

(8) 

A m « pv 
B p mv 



C V - mp 
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YOUR ANSWER D 



This is incorrect „ 

if*;"".;:":::- :? iLTuk^'i^.^^^tr^r- "^'^ ca„ao. be 

«e perfelcly good finite quantuLs ^' ^"^^ ""ck, 



^^j^e sexectlng another answer. 



:43 



YOUR ANSWER A 



Ycu are coriecCc A change of veiccity from lO m/sec co 2.0 nj/sec in 
the opposite direction is a of -12 m/sec Thw^s: 



impulse = FAt ^ m/Av 

10 kg X (-12 m/sec; 
» -120 kg-m/sec -120 nt- sec 



Here is the second question. What is the magnitude and diiecticn :! 
the force? 

We can determine the magnitude of the force by solving the following 
equation fot Fi 

FAt ^ m^u- 

Hence: 



At 



p = -^20 kg-m/sec 
A.O sec 

F =^ -30 kg-m/sec^ = -30 



nt 



We find, then, that the force acting on the body to cause it to ^hau 
velocity as described has a mangitude of 30 nt. \^at does the (-) sign in 
the answer signify? 

(22) 

A The force is a negative one. 

B The force acts in the same direction as the body was initially 
moving . 

C The direction of the force is opposite that ct the initial motion 



"YOUR ANSWER C 



iou are ccttect. The right answer is 0,31 secp Both of che answers 
given were incorrect because of misplacement of decimal points. 



NOTEBOOK ENTRY 
Lesson 11 

flcem 3) 

(d1 Calculations which relate impulse to momentum must take into 
account the vector naxnxe ot these quantities o A simple convention used 
for this purpose is: 

il) . When a nume'iiical value is substituted for a retarding 
force ( F) , the number should be. preceded by a (-) sign« If the force F 
produces increasing velocity, che number is a positive quantity. 

(2) \flxen a numerical value is substituted for a decreasing 
velocity (av), the number should be preceded by a (-) sign. If Av is an 
increase m velocity, then the number is positive c 



This notebook. en:/£.y is not quite complete* Another idea must be 
incorporated into you; thinking on this subject. We shall point out what we 
mean by a few examples o 

Suppose an object is moving toward the right with a velocity of 15 
m/sec. An impulse then acts upon it, a lso toward the right , resulting in an 
increase of speed* The change of velocity > or Av, is obviously the nex<r speed 
minus the initial speed c Say the new speed after the impulse has vanished 
is 22 m/sec; then must be 7 m/sec. We would make this a positive quantity 
(ioeo, = +7 m/sec) according to the rule above<» So far so goodo 
Considering the same object with a uniform velocity of 15 m/sec to the right, 
what is the value ot if the impulse acts toward the left, causing the new 
speed to be 8 m/sec? 

(19) 

A -7 m/sec 



B ? m/sec 
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YOUR ANSWER C 



You know that the momentum of the system after the collision must b 
equal to the momentum before the collision. Before impact, only the empty 
freight car (a relatively small mass) is in motion; aiicer the collision, 
however, the mass is substantially increased by the coupling that occurs 
between the empty and loaded carts « Since momentum is a product of mass 
and velocity, if the large mass after the collision is to have the same 
momentum as the smaller mass before the collision, can the two velocities 
possibly be the same? 



Please return to page 85 and choose a better response. 



YOUR ,^JSISWER C 



'lou are coiaec. . If we keep the cGirect units tor all our quantities 
well in mind at all vlmes, t^e. need not emphasize them so strongly in the rest 
of this lessen . 



Impulse and momentum, although related, tell us different things* 
Impulse and moinentum has a cause-^nd-eff ect relationship in many real 
sltueticns Impuiae caa be the caiusa ct an xnctease in momentum, or a 
decrease in moment am, but a change m momentum is seldom thought of as 
belug r.he cau.&e ot an in^puise . Impulse is_ a property of_ _a ioice ; the force 
can pzoauce an irapi^is^ only il it is allowed to act tor a finite time:, It is 
the ef lectiverLess ci a force in p:i educing motion ^ Consequently, we may • 
think of impi-dse as ihe cause oi a change or motion and ,the -:^hange of mo- 
mentum as the effect of an impulse,. 

Mos;ientt:^m, however, as the "quantity of motion** possessed by a 
m.ovlng masa.> provides some indication of the damage this mass can do 
when it collides with another body.. Given a plaster wall as a target, a 
steel ball moving v^Lth reasonable speed can cause quite a dent, but a ping- 
pong ball mci^lng a::, :,hc e^^^me speed will have no such effecto Butj if the 
ping-pong ball can be made to move fast enough, it will either dent the 
plaster wail oi desttoy itself. Even a straw blown by a high-speed x^^ind 
has been known to penetrate the trtnk of a treeo Thus, momentum is a 
property of a m.a&s ; the mass has momentum because it is moving. The 
quantity of motion Ix; has is a function of both mass and velocity. 



Please go on to p>ge 1^7. 
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the .B-ilri f« ; f ^'''^ problem, we shall concern ourselves with 

itr-??J? / r!^" questions relating to a 0.50-kg ball that is thrown 
straight upward with an initial velocity of 3.0 m/secT (Copy these figu^w 
for use in answering the questions that follow.) Py cnese tigures 



What is the initial momentum of the ball? 
(15) 

A 1.5 kg-m/sec, upward. 
B 1.5 nt-sec, upward, 
C 15 kg-m/sec, upward. 
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YOUR ANSWER C 



You are cottectc- You were catefui of both the magnitude and direction 
of the vector quantities in selecting this answer « A change of momentum may 
be either an increasing or a de creasing momentum. We use (-f) and (-) 
signs to distinguish be>::ween chem, and (+) sign indicating an increasing 
momentum and the (r) ^ign showing that the momentum is decreasing. In 
this problem, the m0menci;.m decreases as the ball rises; thus * -lc5 
kg»m/sec. Since impulse Ap, then the impulse that stops the ball is *lo5 
nt-secc . ' ^ 

A fourth qc^esticn: How long did this impulse act? ^ 

Before trying to k^lv^e this problem, we might do well to review an 
imp'jttant Idea iieiating tc force vectors ^ In the lesson on Newton *8 Laws 
of Motion, we had occasion to solve problems in which a retarding force 
played a parte You should remember that we identified the retarding action 
by placing a (-) sign before the force symbolo Now in the case of the 
rising ball, gravity acts as a retarding force, so in: 

FAt ^ m^ 

the numerica l valu e jised tor F must be preceded by .a (*) sigfto 

Since we want find the time interval during which the impulse 
acts, we mustT^ solve this equation first for Ate Do this; then check your 
literal solution by turning to page 6?o 
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YOUR ANSWER D 



This is too hasty a conclusion! 



None of the answers may look right to you on first inspection, but 
one of them isl 

; We hope you didn't lose your copy of the data, but here it is again, 

just In case: 

mj « mass of empty freight car (6.0 x 10^ kg) 
vi ■ velocity of empty freight car before impact (3 m/sec) 
m2 « mass of loaded freight car (1,2 x 10^ kg) 
1 V2 « velocity of loaded freight car before impact (0 m/sec) 
Vj » velocity of empty freight car after impact- (?) 
, v^ - velocity of loaded freight car after impact (?) 



Work the problem out carefully, please. Then return to page 51 and 
choose the right answer. 



er|c 
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YOUR ANSWER A 



This answer is not reasonable c 



If doubling cither m or v alone causes the quantity of motion to 
double, then the quantity of motion must be directly proportional to both 
these quantities: " 

quantity of motion « krov 

1 ■ ■ • 

It helps considerably to write the relation as a proportionality. From 
this, you should be able to see immediately that the kind of cancellation you 
are talking about could not possibly occur*, 



Please return to page 83 and select another answer. 



151 



CORRECT ANSWER: The change of momentum of m2 is 0,20 kg-m/sec toward the 
right. 



That is, * m2Av2 » 1.0 kg x 0.20 m/sec « 0.20 kg-m/sec toward the 

right. 

It appears from this example that experimental evidence points lo a 
kind of constancy of momentum in situations where bodies interact without: 
the application of external forces. 

tet's take another example. A boy and a man are standing on "trie- 
tionless" ice. The boy reaches out and pushes the man away from him; 
they both start to move away from each other. Now, if the boy has a mass 
of 50 kg and the man a mass of 80 kg, the man moves off at a speed of 0.25 
ra/sec while the boy moves in the opposite direction at a speed of 0.40 
m/sec. Assuming that this experiment was actually performed, would you say 
that it points to the kind of constancy mentioned above? 

(26) 
A Yes. 

■ ■ - ■ '■ . ■ ^ 

B No. 



C I don't know. 
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YOUR ANSWER B 



Please return to page 88, The answer should now be obvious/ 



ERLC 



153 



YOUR ANSWER c 



You are correct. Mass is a scalar quantity; velocity, a vector. 
Consequently, to be rigorous we ought to write: 



p ■ mv 



oK '^^^^ sector arrow on the right side is drawn above the v and 

not above the m. It is velocity that is the vector in this expression, 

Rea4y for units for momentum? We think that you now have enouch 
experience to work out the unit for yourself. Going back for l momenf to 
impulse, you will remember that we obtained the units tWs wly; 

impulse • 

Impulse «■ nt X sec » nt-sec 

Wh±ch^^T^i^°l'^°.'^^J^ trick for the units involved in momentum. 
^Sitr^^s^;:J^:'^ -ed to measure the describe^momentum. 



(10) 

kg-cm 



B to 

. sec 



c M=f 



154 



YOUR ANSWER E 



K We, ^gree with this answer^ The (-) sign is essential to tell you that 
the body has a tlnal moment urn in a direction opposite that of its initial 
tncmentum 



.V, ? shall direct oxlx attention nrst to momentum considerations involved 
in the interaction, of two bodies. As an example, we link two laboratory 
carts together- as Bhom.- in Figure 3 by means of a cord and a compressed 
spring. To msKe sure that we don't bring external forces into play, we burn 
ThI ^^Jfn ^i'^^^^S the spring to force the carts apart in a kind of "explosion. 
The^spring drops to the table as ::he carts move away from each other, lince 
these are re^i cart^ an a real laboratory aityation. they soon come to rest 
as a resuic or rricticn'..- 



COMPRESSED SPRING 




CORD 



ERIC 



- 'Figure 3 - 

™ t^^at we l»ave very carefully equalized the masses m, 

ana , We shall also assume that we have a good laboratbry method of 
determining^the velocities of the two carts at the instant the spring drops 
away from the system after the cord is burnedo k » vpa 

Basing your decision on previously learned physical principles, what 
dc you think the velocity measurements would show in this case? 

.. (24)- - 

A The speed of m^ (call this v^) would be equal to the speed of m? 

uall this V2).. * 

B The velocity of mi would be exactly the same as the velocity of 

. "2= • . . .. _ ■ - 

C The speeds for the two masses would be dlffer«jnt. 
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YOUR ANSWER — A 



To be sure, the explosion of the powder has more effect on the bullet 
than on the rifle in the sense that the bullet visibly travelis at a much 
higher speed just after the explosion. But this Is merely repeating the 
question. We want to know why the explosion causes the bullet to travel 
quickly toward the north, while the rifle moves comparatively slowly toward 
the south. • 



So kindly return to page 127 and think ipuc the question more carefully 
before selecting another answer. j 
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Please listen to Tape Segment 1 for tnis lesson before 
starting to answer the 'questions belowo Answer se^:.eotions 
must be made on the.AV Computer Gard^ 



gUEST:LONS, 

!♦ ' Would the first oasemen playing basebai: 
- need a mitt? 



on " Che Moon 



A Nor^ because 
the weight 
less on. the 

B NOp because 
a mitt unne 

C Yesn becaus 
Moon is ies 

■ to a, great e 
D Yes^, becaus 

■ ocitys the 
the same as 



tne Impact of the ball depends on. 
of tne ba:..! and the bail weighs 

Moon than on Ear tn© 

the flat trajectory would make 
cessarjc 

e the^ gravitational force on the 
s ' so that the ball would rise 
r height before coming ' down o • 
e momentum depends on mass ■ and -vel- 

mass .of the 'ball on the Moc^n is" 

it is ' on the 'Eartho 



2. 



If the same "baseball were dropped from the top of an 
Empire State building on the Moonj, straight dowti^ xTOUld 
the person who tried to catch it require a mitt? 

A ■ Noo " The weight of the ball Is- 1/6 its weight 

^ . on. Eartho ■ • ' ; 

B No© The magnitude of gravitational accelera*^- 
tion on the Moon is so ' small ^hat the 'ball - 
would not acquire muoh velocl i;y evefo in a 
fall like thiSo . - 1 

i C. ' YeSo The momentum of the ball, on -reaching 
. ; the ground would be smaller than it would 

i ■ "be in an. equal Earth-fallp but would still' 
be large enough to make amitt necessaryo 
D . Yeso . The momentum of the ball would be 

exactly the same as it would have been for 
.an equal Earth-fall o 
E No« The definition of momentum as' applied / 
to conditions .on the Earth does not apply . 
. to conditions on the Moon© " /■[ 



■Please return now to page 4 of the 
STUDY GUIDEe 



ERIC 



AMP LESSON 157 Tape Segment 2 

WORKSHEET 

Pi ease listen tc Tape Segment 2 for this lesson before 
start-ing to answer the questions below. Answer seiec- 
tions must. be made on the AV Computer Cardc 

Data Hem At Mass of the hammer ~ ^oO kg 

Speed of che hammer on impact ^ 5«0 m/seo 
• ' Contact rime^ hammer on nail ■= 0o0020 sec 

S^UESJISNS ... 

"}o What was the value of tne average force applied- to 
- the spike by the hammer? 

A* Between 2000 and 3000 lb 

B BetK&en 3000 and ^000 lb 

G Be-tWeen :;,,OaO-and 2000 lb 

D Between .300 and 1000 lb . 

E' J-fiTSt below 500 lb ' - 

4o In the example above 5 by how much would the average 
. force have changed if the mass of the hammer had been 
6*0 kg instead of, 4'o0 kgj assuming other quantities 

constant? 

A Th&^lce ;as great' 

. B 1-1/2 times as. great ■ . ■_ 

G Three times as great 

. - D Six; times as ' great 

E None of these 

5o In the example as originally stated^ suppose the ham- 
mer had had a contact time of O.OOlO .sec with the 
■ hea.d of the spike o By. how much would the average 
force have changed from its original value? 

A 10 times as great 

' 1 B, 1/10 as /great • 

C It would not have changed 'at all 

D 2 times as great 

... E 1/2- as great' 



.P2,ease return ncjw to page 9^ of the STUDY GUIDE* - 
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WORKSHEET 



Please listen to Tape Segment 3 fpr this iess-on before 
starting to answer the questions beiow* Answer, selections 
must be made on the AV Computer Card* 

Data Item As Mass of. ball m ^ 100 g or 0.c^lOO^£ 



Velocity of ball on impact ^ ^ .1Q«J2Z§^2. 
Bcunce'-back veloci ty of bail - v - ,i2,2.JS^£§^£: 

Applicable equations PAt ^ mAv 

Substitutions. FAt ^ OolOO kg x (-60 

■ ^ . .in/sec) 

Solutions FAt - — 6o00 nt-seco This is Ihe 

Impulse of the WB,^^_cn _tl;ie_ 

^^STIONS" 

6o The impulse of the ball on the wall is 

A «6oO nt-sec 
• B t6oO nt-sec 
C '-12*0 nt-sec 
D . ^12o0 nt-sec 
E 4-600 nt~ sec 

7o The problem above is based on an idealised condition 
In which the wall, is .considered unyielding© If the 
wall actually yielded to the impact to some extent ^ 
then 

A 'the bounce-back velocity of the ball, would 

have been greater than -30 m/seco 
B the bounce- back Telocity of the ball would 

have still been « 30 m/seco 
■ ' ■ ■ C ■ the bounce-- back velocity of the ball would 

have been smaller than -30 m/seco 
D the ball would have- had a larger rebound 

momentum, than 60OO' kg-m/seoo 
•E the ball would have had a rebound momentum 

between 60 00 and 80OO kg«^m/seco. 



Please return now to- page 39 of the STUDY GUIDEe 
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■F,e»,s-^ ...::-s::e:K 'Ea Ta.pr Segmeirv ^ 'for this lesson before ■ 
si&:.ii'.:!se ^risvL'Sr, the que-s:lc;riS belowo Answer select 
u:!:is m;t.st fc= iijs.dc' . n iVie AV Computer Gardo 

P:.r - this oape segment you will need a single-concept pro- *. 
l6:/t:r the brief fi:^m en^i-cii.ed CONSERVATION OF MOM- 

ENTUM e:,:Ast;ic caLLisioNS^ 

80 In .the .rilm.0- "wh^n a ::..M." gj..ider in motion collided 
with aric the r IM glider at restp 

A the momentum of the initially moving 

■ ' guilder" "became half its original size© 

E --ne rriums^i-^um • :i' the. initially resting 
g...idei'' acquired a momentum equal to 
,. na>,r xnk momeni-um possessed, hy the' 
:'nii..al:.y moving glidero : - - • ; 
' . ; . C the tal ;iiioiEe:nc;um of the . system was 
:-;ed:a;>ed, 'cl half of its initial .'value o. 
D- the total momentum of the system was 
■ ■ • increased to. twice Its Initial valueo . 
^ . E . the-momentum of the Initially resting " ' 
glider became eq,Xial to the momentxim " 
prssesssd.. originally' / 

So. T:'.e dri:vi:ng , gli^ (glider initially in motion) l -. 
. IXi :ne iV ^hc ^xperi ments was a IMo This colilded 
■with a- 3M g:r^ae;- a-i-f^^^ "Af-oer impact ^ the -mag- 

■ ■ . ■ ^j.itudr: -uf iri6' m-:-:iij.6nbum -cl' the ■ 

■ A 3M gliae:r ^as equal to the '.magnlt-ude. of the-^ / 
• momentum 6f ''tile' IM glider© ' ' _ 

B , 3M glider ms greater, 'than the- magnitiide ' of ' 
;. ■ the mcrm^nt-wm of the. IM- glider© 

C IM glider :ms greater than the mag of l 

' ■ taie m^mentm.of the..:3M .glidero ' 

IM glider be^i^ame 2; ero because it stopped moving 
E- . 3M glider ms ^ero because its velocity was • • 



IC'6' A second 'Xlliaiun of the IM and 3M gliders occurred 
'after.. the cr..>nd:i tions specified in' (9) above were 
■::>::mpl-etedc Ai"^sr: this second colllslonj, th'e:3M " \ 
glider, had -a velocity, of ' ' \ . . . 

k Zero ^ . , . G Slightly negative 

B Slightly positive D Same, as before. 

E none of these ■ Impact 

■ ■-. "Plaase r'ctt.;rn,to .page IO3 of the. STUDY GUIDES ' 
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. • KO?ISHEET 

Please listen to Tape Segment 5 -oT' tnis lesson Defore 
starting to .answer- the questions beiowo Answer selec- 
tions must be made on vhe AV Conip'arer Cardo 

For this tape segment you will need a single-concept pro- 
jector and the brief film entitled CONSERVATION OF MOM- 
ENTUM - INELASTIC COLLISIONS o 



Exp» Nos 


Mass of 
Glider A 


Mass of 
Glider B 


Co'apled 
Mass 


Time 
Gilder A 


' Time 
Coupled Mass 


. ^• 


■ IM 


IM ■ 


2n 


2o25, "see 


4062-360 




:i,M 


IM 


_ 2M 


2o39 sec 


4o82-sec. ■ 




: IM 


- 2M 


3M 


2 oil sec 


' ■ 6o'^2 sec; 






2M 


3M 


2„d5 sec 


6oZ6 sec 


" . 3 


2M 


-IM 


3M- - 


■2:0 16 sec 


■ 3f30 see 



GLIDER A9 ini tially in motion^ Is the dxivins- glider ' 
GLIDER Bp initially at .'rest 9 is.- the target^ -glide r 

Data^Item^g^ As e;x:plained in the- third paragraph of page 
60""of^Ke STUDY GUIDEo the velccity of the coupled rriass . > ' 
after collision is. obcained from the ratioM 

^^'^ co-upied mass initial velaoity 

In the experiment J) the time over equal distances is meas-ur- 
eda' Since the - time •required to cover a given distance with 
uniform -velocity is IrArersely "proportional to the Yelooltyv 

initial ■■velocity coupled time — • . . 

CombiMng eaixations" 1 and 2 g 

i^;ssA^- .. ■ .coupled mass • coupled time 



Now lefc us use the figures -obtained In the first trial of 
Experiment 1 above* The mass of .Glider A divided by., the 
coupled mass is 1 divided by Zr, or i/2o Consei-vation con.'^ 
siderations ceir'us that:iGlider A time divided by the . 



(next page 9 please) 
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Tape Segment 5 
(continued) 



.up. rfd r/.me s^i.-^.a a.s, :*urn out to be 1/2 or Oo500e 
Subs: • "ur , r^^g- ^ri3 measured :.mes shown in the Table In 

tr <e r:gh: m e it be r ...f EQo3 R ^ ^f^ 'B us 



Study the meih:ds used in the abov^e calculatlono Then 
repeat the same oa^^culatlon using the figures for the 
remairdng ^ Irla^uS* In each case compute the % error of 
the measured ratio as compared with the ratio predicted 
f.r the dvffr/rer.t masses • Select the % error for each 
the trials f r jm these ch^.vicess 



A brz')iif=^i\ and xoQ% 

B be'-ween ioS% and Zo3% 

C between CaOjt and Oo9J^ 

D between 1,0^ and 1.6% 

E greater than 2d 3^ 



Ix. Expei ImrTxt 1^ Trial, 2t> P\mch card In one of the 
letters given above© 

'12m Experiment 2p Trial Similarly punch cardo 

13m Erperimerxt 2^ TriaJ^o Similarly punch cardo 
l4r Experiment 3o Similarly punch card# 




Coi*88o Tn.s IS Si % error of 



0o012 ^ 0 L<£ 



PLEASE BETUBN TO PAGE 79 OF THE STUDY GUIDE* 
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HOMEWORK PROBLEMS 
Lesson 11 



I 

!• An unbalanced force applied to a car of mass 1500 kg 
causes the speed of the car to increase uniformly from 
10 m/sec to 25 m/sec over an interval of 3 sec© 
Calculate 

(a) the initial momentum of the car; 

(b) the final momentum of the car; 

(c) the magnitude of the force that caused the 
increase in speedy 

2. A 1000-kg block is pushed by a constant force for 56 sec, 
and as a result, its speed changes from 4 m/sec to 32 m/sec » 

(a) What was the change of momentum of the block? 

(b) What was the magnitude of the constant force? 

3« Two toy cars of mass 6 kg and 2 kg are held together with 
a siring* There is a compressed spring between them. 
Whien the string Is burned, the 6 kg car moves off with a 
speed of 0*1 m/seo. What was the speed of the other car? 

4* A 2-kg glider on an air track moving at a speed of 9 m/sec 
collides head-on with a second glider of mass lo5 kg» Both 
gliders come to a stop upon impact • 

(a) What kind of collision is this? 

(b) What must have been the total momentum of the 
system before the collision? 

(c) What was the momentum of the second glider 
before the collision? 

5« A 1-kg glider on an air track collides with a second glid- 
er on the same track* If the 1-kg glider was moving at 
5 n/seo and the second glider was at rest, what was the 
mass of the second glider for the following post-collision 
condltlonss the 1-kg glider reverses direction and moves 
at 1 m/seci the second glider moves forward at 2 m/sece 

6« A rifle of mass 2*0 kg fires a 10-g bullet horizontally* 
If the muzzle velocity of the bullet is 5OO m/sec, what is 
the reooll velocity of the' gun, assuming zero friction* 

7* A 600*kg oar traveling at 20 q/sec collides with a 

stationary truck of mass 1400 kg* Ohe two vehicles lock 
together after the collision* What la the velocity of 
the combined mass after the collision? 



